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PS IN THE RACE TO OUTER SPACE 


Mars Supply Fleet 


When man first sets up colonies on Mars, 
his life will depend on a Mars Supply 
Fleet, shuttling from Earth at regular in- 
tervals with supplies, equipment and 
personnel. 

The fleet will be comprised of two basic 
vehicle types, both shown in the illustra- 
tion above. The large ships with rectangu- 
lar solar reflectors will be the long-range 
backbone of the fleet. Assembled in orbit 
of prefabricated sections rocketed up 
from Earth, these high-capacity carriers 
will have a low-thrust electro- particle 


drive. Their operating current will come 


from thermionic converters, heated by 
the concentrated rays of the reflectors. 


The Solar Ships will be loaded and un- 


loaded, at both ends of the voyage, by 
work-horse Ferry Rockets (foreground) 
launched by booster. The ferries will be 
designed to carry the long yellow cargo 
containers within a bay just forward of 
their engines. In the nose of the Ferry 
Rocket is the passenger and operating 
section with a universally mounted spher- 
ical guidance compartment. This guidance 
unit will be fitted with directional radar, 
an optical telescope, and full astroga- 
tional equipment. 

The Mars Supply Fleet will complete 
each assigned mission in one to two Earth 
years, depending on whether or not the 


Solar Ships are equipped with auxiliary 
boosters for extra initial speed. 

ARMA, NOW providing all-inertial guid 
ance systems for later models of the Air 
Force ATLAS ICBM, is in the vanguard of 
the race to outer space. At AMA, pli: 
vately funded research programs in space 
technology are studying super-sensitive 
inertial devices for navigation and satellite 
instrumentation. For this effort, AMMA 
seeks scientists and engineers expef: 
enced in astronautics. AAPAWA, Garden 
City, New York. A Division of American 
Bosch Arma Corporation. 


AMERICAN BOSCH ARMA CORPORATION 
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q New sertace-wave Laneberg concept fo 
provides 360° look in single sweep. 


3, Shaped beam reflector and line feed 
high-altitude radar studies. System pro- 
Vides excellent pictures from 100,000 feet 
and higher. : 


a PINPOINT radar guidance system employs programmed data stored on film to 
guide missiles or aircraft to target. 


“ROVING REPORTERS” with no strings attached! 


Here's airborne radar with a sense of responsibility— developed by GAC for 
unattended operation. Lightweight and compact, this GAC equipment is 
transistorized and miniaturized to stow away handily in missiles, drones, 
balloons, as well as manned aircraft. Unlike attended radar, these “no-hands” 
radars provide presentations that are more reliably interpreted—they're not 
colored by an operator's subjective observations. With each component built 
to optimum reliability level, GAC's airborne radars are geared to operate for 
long periods in any weather without requiring adjustment. GAC has the 
specialized skills to meet your radar needs— whether for accurate guidance, 
reconnaissance or surveillance. For proof, write Goodyear Aircraft Corporation, 
Dept. 916FX, Akron 15, Ohio. 


Lots of good things come from 


Providing all 3 
weapon skills 


Plants in Litchfield Park, Arizona, and Akron, Ohio MANUFACTURE et 


Pinpoi T.M. dy Aircraft Corporation, Akron 15, Ohio 


4 ‘High-resolution radar sees and records, through continuous radar 
photography, distant areas or inaccessible territory. 
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“Essentially, this corporation will be 
people—people of the highest quality. 
The United Siates Air Force recog- 
nizes that men of great scientific and 
technical competence can perform at 
their best only when they can exercise 
their initiative to the full under lead- 
ership which creates the climate for 
creativity. We expect Aerospace Cor- 
poration to provide that kind of 
environment.” 

SECRETARY OF THE AIR FORCE 


Among those providing their leader- 
ship to this new non-profit public 
service corporation are: Dr. Ivan A. 
Getting, president; Allen F. Donovan, 
senior vice president, technical; Jack 
H. Irving, vice president and general 
manager, systems research and plan- 
ning; Edward J. Barlow, vice president 
and general manager, engineering divi- 
sion; and Dr. Chalmers W. Sherwin, 


A new and vital force 


EROSPACE 
CORPORATION 


are creating a climate conducive 


to significant scientific achievement 


vice president and general manager, 
laboratories division. 


These scientist/administrators are 
now selecting the scientists and engi- 
neers who will achieve the mission of 
Aerospace Corporation: concentrating 
the full resources of modern science 
and technology on rapidly achieving 
those advances in missile/ space systems 
indispensable to the national security. 


The functions of Aerospace Cor- 
poration include responsibility for: 
advanced systems analysis; research 
and experimentation; initial systems 
engineering; and general technical 
supervision of new systems through 
their critical phases, on behalf of the 
United States Air Force. 


Aerospace Corporation is already 
engaged in a wide variety of specific 
systems projects and research pro- 
grams—offering scientists and engi- 


neers the opportunity to exercise their 
full capabilities, on assignments of 
unusual scope, within a stimulating 
environment. 


Immediate opportunities exist for: 


WEAPONS SYSTEM PROJECT 
DIRECTOR 


¢ SENIOR SCIENTISTS/ SUPERVISORS: 
Propulsion Systems 
Guidance Systems 
Spacecraft Design 
Telecommunications 


¢ SPACE VEHICLE SPECIALISTS: 
Senior Power Systems Engineer 
Sr. Flight Performance Analyst 
Re-entry Aerodynamicist 


Those capable of contributing in these 
and other areas are invited to direct 
their resumes to: 


Mr. James M. Benning, Room 106 
P.O. Box 95081, Los Angeles 45, Calif. 


AEROSPACE CORPORATION 


engaged in accelerating the advancement of space science and technology 
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CAPABILITY 


is spelled 
a-u-x-i-l-i-a-r-y 


Dp-O-w-e-r 
In technology and facility, Vickers 
continually matches your need 


Experience gained on every type of military aircraft 
and commercial airliner plus numerous missile applica- 
tions assures top performance from every Vickers 
auxiliary power package. Either complete and separate 
power generating systems or motorpumps can be pro- 
vided depending on specific application requirements. 

Precise performance evaluation—particularly on 
motorpumps—can often be provided even before the 
final package is developed from proved standard ele- 
ments by building up prototype units and subjecting 
them to feasibility and performance tests. From these 
prototypes come the ultimate custom designed pack- 
ages providing a high order of reliability and requiring 
minimum input power—all in a compact, lightweight 
envelope. 

Additional data is available in two new Vickers 
bulletins: A-5239 ‘“‘Power Systems” and A-5258 
“Motorpumps”. Write for your copies to either 
address listed below. 


All components of Vickers auxiliary power units are 
subjected tb thorough inspection by skilled techni- 
cians following evaluation tests. New size of standard 
element is shown being inspected following 40,000 
rpm cycle test. 


A\ Battery-powered motorpumps developed for each stage 
Vof an ICBM missile. 


B. Integrated motorpump for one of newest missiles 


C. Integrated AC motor-hydraulic power supply for inter- 
continental bomber turret drive. 


Final testing, evaluation and assembly is performed 
in a special, surgically clean room. Thus, once parts 


are super-cleaned, no additional contamination is 
introduced. 


AERO HYDRAULICS DIVISION 


VICKERS INCORPORATED 


division of 
DETROIT 32, MICHIGAN SPERRY RAND 


TORRANCE, CALIFORNIA CORPORATION 


POWER TRANSMISSION 
ENERGY CONVERSION 
FLUID TRANSFER 
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Knowmanship in Action 


Inertial guidance capabilities at E-P extend across 
three fronts—design, engineering, and production. Our 
production efficiency is proved by the fact that we are 
now mass-producing complete inertial guidance sys- 
tems, including highly-precise air-bearing gyros— 
“heart” of inertial guidance—for Pershing. We are 
able to do this, and save 20% in normal lead time, 
because of advanced techniques, and most modern 
facilities, coupled with most efficient management. 
We have developed space-age techniques that enable 
us to machine such a difficult material as beryllium to 
tolerances as fine as 10-millionths of an inch. Our 
specially-developed ‘‘super-clean room” maintains per- 
fect conditions for assembly, test, and calibration of 
delicate inertial guidance components on a volume basis. 
E-P KNOWMANSHIP also offers practical advantages 
in inertial guidance design and engineering. We have 


INERTIAL GUIDANCE 
MASS PRODUCTIO 


Unified facilities turn out stable platforms in volume for Pershing, cut lead time 
20%—also offer advanced inertial guidance experience in design and engineering 


a technical staff of over 500 devoted exclusively ti 
solving inertial guidance problems. Our engineerin: 
experience includes work with air-bearing gyros thai 
float both gimbal and spinning mass, as well as with 
liquid-floated gyros and accelerometers. Gimbaling 
specialists have developed the way to more compatt 
inertial guidance platform packaging. 

The point is this. With demonstrated productio 
accomplishments—plus practical design and engineer 
ing experience—we offer a rare degree of proficiency tt 
apply to your inertial guidance needs—whether the) 
be for outer space or under the sea. Why not explor 
our capabilities! A word from you will bring our com 
plete story to your desk. 


TECHNICAL KNOWLEDGE + EXPERIENCED MANAGEMENT 
+ SPECIALIZED CRAFTSMANSHIP = KNOWMANSHIP 


SUPERI 
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Eclipse-Pioneer Division 


TETERBORO, N. J. of are 
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SYSTEMS NOW 
BENDIX E-P 


SUPERFINE TEST AND CALIBRATION. E-P checkout facilities in- “WORLD'S CLEANEST ROOM” at E-P offers perfect conditions 
clude: Single axis and planetary sidereal test stands accurate to for mass assembly of precise components. In this 55-station, 
005° per hour; indexing heads with an accuracy of = 2 seconds air-conditioned area, all contaminants larger than 0.3 micron 
of arc used for calibrating pendulous integrating gyros. (.000012”) are filtered out. ; 
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A many-ampere source of ions, this device is believed to be the most powerful in 
operation in any laboratory. Already it is providing new insight into thermonuclear 
fusion. It may lead to new concepts in propulsion including a method of producing 
thrust for missions beyond the earth’s atmosphere. 

Accomplishments like this are the result, we believe, of a unique research environ- 
ment. Among other things, we encourage independence of scientific thought and 
action. And, we make determined efforts to free scientists from tedious routine — 
help direet their full mental powers towards scientific achievement. 

Complex calculations, for instance, are handled by the nation’s largest industrial 
computational facility. Unusual assistance — at operational and theoretical levels — 
is available from outstanding leaders in other disciplines. 

We believe that this combination of facilities and services is unequaled. If you are 
interested in corporate-sponsored studies into the fundamental nature of matter in 
an environment where success comes easier, write today. 


Please write to Mr. W.G. Walsh, or phone Hartford, Conn., J Ackson 8-4811, Ext. 7145. 


RESEARCH LABORATORIES 


UNITED AIRCRAFT CORPORATION 
400 Main Street, East Hartford 8, Conn. 


Symbol of 
at mr 
RESEARCH 


-.. creative 
research 


| 
Research Opportunities | 
in many areas... 


| 

| 

| Chemical Kinetics 

| Fuel and Combustion Analysis 
| Thermodynamic Cycle Analysis 
| Space Mechanics 

| Electrical Propulsion 

| Plasma Physics 

| Gaseous Electronics 
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| 
| 


Vehicle Trajectory and 
Performance Analysis 


High Temperature Materials 
Direct Conversion 
Surface Chemistry 

Nuclear Engineering 
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EDITORIAL 


ices soon, well before year’s end, a long-term program 
of progressive modernization and preventive mainte- 
nance at IAS Headquarters will be completed. Just 
as our technical programs and operational procedures 
have been modified and improved to meet the changing 
professional needs of IAS members in this era of ex- 
panding technology, so our physical plant has been 
restudied and rearranged to permit more efficient serv- 
icing of our members’ requirements and to provide 
better “‘back-up”’ facilities for the work of IAS Sections 
and Branches. 

The doing required about two years time. It proved 
to be a sort of ‘‘chain reaction,” triggered off by the 
generosity of an IAS member who some years ago 
donated $20,000 to the Institute to support a Water- 
Based Aviation Award. As time went on, the need 
for such an award more or less disappeared. The donor 
had wisely left the eventual use of the money to the 
discretion of the Council, and, therefore, when a re- 
quirement emerged for funds to rehabilitate the New 
York Library (and coincidentally open the way for a 
badly needed rearrangement of working space in the 
New York Building), the Director was authorized to 
use the principal amount for that purpose. Asa result, 
the entire second floor of the building (which until then 
was given over to ‘‘museum”’ purposes) was assigned to 
the Library. Modern steel stacks, shelving, files, 
desks, etc., have been installed, and adequate lighting 
provided for all working and study areas. (Inci- 
dentally, the sale of a large crystal chandelier which 
hung in the old “ballroom” yielded most of the money 
needed for the new electrical work required.) 

The concentration of library facilities released a 
large area in the basement which was badly needed 
for our expanding print shop, Addressograph, mailing 
and supply departments. Tons of paper flow through 
these departments yearly. These services were origi- 
nally scattered throughout the building and, as the 
work loads grew, required the moving of material in 
bulk up and down elevators, from cellar to attic and 
back. Now, nothing of the sort ever moves above 
street level. We have an efficient “straight-through” 
production line that saves many man-hours over former 
methods. 

Another important by-product was the opening of 
Space on the first floor for future expansion of our 
Abstracting Services Unit. Anticipating the establish- 
ment of a separate, subscription-supported abstracting 
service (see Editorial, AEROSPACE ENGINEERING, Sep- 
tember, 1960), the present abstracting people have been 


installed in the first floor area with ample room for 


Operation Face-Lift 


whatever expansion is needed to meet the projected 
program. 

The Institute’s former ‘“‘museum’’ functions and 
facilities, long since completely overshadowed by the 
necessity of providing the membership with up-to-date 
scientific and technical material for current professional 
needs, have been reduced to a minimum. A section of 
the Library contains the important historical reference 
works and photograph files. Collections of prints, 
medals, manuscripts, and other memorabilia, however, 
have been carefully catalogued and stored in protected 
locations in the building where they can be made avail- 
able to serious researchers in historical matters, if 
required. They are no longer on display. The best 
of our early aircraft models, the really irreplaceable 
items that have been with us for many years, are still 
in sight—as interesting and appropriate decorations 
for many of the staff offices. 

As a result of our top staff reorganization (“A New 
Look for the Staff of the IAS,’ ASE Editorial, June 
1960), additional office space on the third floor was a 
necessity. Partitioning the Director’s large front office 
provided a new office for the IAS Controller, and by a 
relatively simple relocation of walls and partitions in 
the area to the rear of the building, two very adequate 
additional offices were obtained adjacent to the IAS 
Secretary for the use of the Technical Services Director 
and the National Meetings Director. We thus have 
a very compact and efficient working layout which 
permits close collaboration of all hands. 

There have been minor shifts on other floors of the 
building. All, however, have been made for the pur- 
pose of closer and more efficient internal contacts in 
the several service departments. 


On top of it all, we have been painted from ‘‘keel to 
main truck.’ This is a maintenance operation that 
was necessary not only for appearance’ sake but, more 
importantly, for preservation of the building. Al- 
though certain essential maintenance and touch-up 
work had been done periodically, eight years had gone 
by since the last complete job. During the years we 
have built up reserve funds for such purposes so our 
current budget has not been affected. 


Our physical plant in New York is now in first-class 
shape, and, thanks to a generous donor and to the 
Council's foresight in building up reserves for mainte- 
nance, we have not impaired our operating budgets. 
We hope that as many IAS members as can will drop 
in to see us when business—or IAS meetings—bring 
them to these parts. —SF] 
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Aerodynamics and Fluid Mechanics—Some New Challenges 


A brief survey of the principal physical and chemical characteristics of 
the atmospheres of our two nearest neighbors—Venus and Mars. 


Aerodynamic Effects in Planetary Atmospheres 


Zdenek Kopal, University of Manchester, Department of Astronomy 


One OF THE many challenging problems connected 
with space flight occurs during the terminal phase of 
operation, when a missile in free flight re-enters Earth's 
atmosphere or enters the atmosphere of another planet. 
The presence of an atmosphere surrounding a celestial 
body such as Venus or Mars, or any one of the Jovian 
planets, is, in fact, essential for any kind of ‘“‘soft 
landing” on their surfaces without recourse to retro- 
charges or other artificial means of braking the rocket’s 
motion. If this rocket were to approach any celestial 
body which—on account of its small mass (say, less 
than that of Mercury)—cannot permanently retain 
any atmosphere, it would be bound to sweep around in 
an essentially hyperbolic orbit, on which the perturba- 
tions arising from possible oblateness of a rotating 
planet could alter but little. 

The presence of an atmosphere exerting drag and lift 
may enable the entering space vehicle to dissipate 
enough of its kinetic energy into heat to penetrate into 
deeper atmospheric layers—if not actually to land on 
the surface—but the gantlet (or entry corridor) to 
be run between excessive velocity and excessive heating 
is quite narrow (Fig. 1) and must be closely balanced to 
prevent events which we wish to avoid. Thus if the 
rocket passes too high above the planet’s surface to 
encounter sufficient gas for a complete entry in a single 
pass (or to spiral down eventually after more than one 
revolution, Fig. 2), the result would be a homeless exit 
into space. If, on the other hand, the rocket enters 
the atmosphere at too steep an angle, it may experience 
too much deceleration for the functioning of its in- 
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The author, born in Czechoslovakia in 1914, 
was educated at the Universities of Prague, 
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strumentation (or the well-being of its inhabitants), 
and the aerodynamic heating it suffers may be suflicient 
to burn up the entire vehicle completely. 

The nature of the safe entry corridor in which these 
dangers are avoided, and its very existence, in fact, de- 
pends on the overall density of the respective atmos- 
pheres. For instance, in moderately dense atmospheres 

-such as our own or that of Mars—a safe-entry corridor 
to the ground should, in principle, exist for purely 
ballistic missiles; while on Venus or the Jovian planets, 
lifting vehicles may be necessary for manned entries to 
avoid excessive decelerations and heating. 

The actual characteristics of such corridors under 
terrestrial as well as other planetary conditions for 
various entry velocities and lift-drag ratios have already 
been studied by many previous investigators! with 
whose competence in the field of aerodynamics I cannot 
compete. However, an astronomer reading theif 
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Fig. 1. Entry corridors (schematic). 


publications is rather struck by the fact that so many 
of them are based on the adoption of so-called “‘ex- 
ponential atmospheres’’—i.e., idealized density dis- 
tributions aloft such as would obtain for isothermal gas 
in a uniform gravitational field. Any meteorologist 
present among us can tell us how far this is from being 
true on Earth, and the same will be the case (for analo- 
gous reasons) on other planets as well. 


Yet the atmospheric density and temperature profiles 
enter critically into the lift-drag relations which alone 
render possible the existence of a safe-entry corridor, 
and the use of unrealistic approximations in this respect 
might lead us seriously astray from the principal ob- 
jectives of the planetary probes contemplated in the 
relatively near future. The aim of my present paper 
should, therefore, be to give you a brief account of the 
methods and results of astronomical investigation of the 
physical properties of planetary atmospheres—with 
particular reference to Venus and Mars, our two nearest 
celestial neighbors—to point out the principal differ- 
ences in their aerodynamic behavior from that of our 
own atmosphere, and above all to spell out the lacunas 
in our present knowledge of this subject and outline 


the means by which they could be filled in the near 
future. 


The early telescopic observers in the 17th and 18th 
centuries first observed that the nearby planets Venus 
and Mars are not airless like the Moon, but surrounded 
by gaseous envelopes similar to the terrestrial atmos- 
phere. The prolongation of the cusps of Venus near 


the inferior conjunction, or the cloud phenomena oc- 
casionally observed on the Martian terminator, could 
scarcely admit of any other explanation. However, 
quantitative studies of the structure and composition 
did not begin until the advent of high-dispersion 
spectroscopy, photoelectric photometry, and thermo- 
electric measurements of sufficient precision enabled us 
to follow the climate prevailing on each respective 
planet and its diurnal or seasonal variation. 

There are, in principle, two methods for quantitative 
studies of planetary atmospheres—spectroscopic and 
photometric (or polarimetric). Comparisons of the 
high-dispersion planetary spectra with that of the 
illuminating source—i.e., sunlight—can reveal the 
lines of the gas molecules produced by absorption of 
sunlight on its double passage through the respective 
atmospheres; quantitative measurements of the 
amount of this absorption (coupled with known ab- 
sorbing properties of the respective molecules) can then 
reveal the total amount of this gas above the surface of 
this planet. If, however, the same gas is present also 
in the terrestrial atmosphere producing its own absorp- 
tion lines or bands of the respective atom or molecule, 
the planetary absorption can be distinguished from the 
terrestrial one only by virtue of the Doppler displace- 
ments produced by the difference in radial velocity of 
the two bodies. Since, moreover, this difference can 
never exceed some 35 km./sec. for Venus, 14 km./sec. 
for Mars, and much less for the outer planets, the cor- 
responding Doppler shifts will be of the order of 1 A 
or less, and thus produce at best an asymmetry of the 
observed composite line profiles rather than any clear- 
cut separation. 

On the other hand, the total amount of all gases 
(irrespective of whether they produce any detectable 
absorption in the accessible part of the spectrum) or 
other suspensions (such as dust or crystals of frozen 

(Continued on page 36) 


Fig. 2. Types of orbits spiraling down. 
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Space Physics—Solving Some Problems 


Nomograms for the Solution of Orbital Parameters 


George E. Townsend, Jyri Kork, AIAS, and J. Donald Kraft, The Martin Company, Baltimore Division 


as PRELIMINARY DEFINITION of orbits and numerous 
hand calculations which do not require great precision 
could be greatly simplified if graphically presented 
data could be obtained. Unfortunately, however, 
the simplest means of presentation (that of plotting a 
parameter in terms of one independent variable over 
a range of assumed values for another parameter) is 
inadequate because of the complex nature of the figures 
and the errors injected in interpolation. In order to 
circumvent these problems, the techniques of nomog- 
raphy have been reviewed. It is deemed unnecessary 
to repeat the details of this investigation since numerous 
lengthy treatments are available (references 1 through 
8). Let it suffice simply to state that any equation 
which can be put in the following form can be repre- 
sented in a nomogram: 


f(x) 1 
fo(x) foly) 1; =0 
f(x) f(y) 1 


The shape of the scales generated by this technique is 
defined entirely by the functions included within this 
determinant. 


Application of the Technique 


Utilizing this technique, the equations defining the 
two-body problems have been analyzed. While these 
equations (presented in Table 1) are not original, 
the type of presentation is considered to be superior 
to any other available. This superiority is due to the 
fact that interpolation anywhere other than on a 
graduated scale is eliminated and to the fact that 
more than a nominal number of variables may be han- 
dled without losing simplicity or accuracy of presenta- 
tion. The nomograph obtained for equations of 
three variables generally results in three arbitrarily 
curved scales U’, V, and W, as shown in Sketch A. 

For the simpler cases, the scales may be merely 
three parallel straight lines, or two straight scales plus 
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“A readily usable and efficient means of making preliminary 
calculations of orbital elements” with an accuracy “generally superior 


to that afforded by the slide rule.” 


one curved scale. In all cases, however, the solution 
procedures remain the same. 

Given any two values of the two independent vari- 
ables, say U = U, and V = V,, a straight line drawn 
between the two given points intersects the third scale 
at the desired value of the unknown function (W = 
W,). The straight line (Ui, Vi, W:) is called the index 
line or isopleth. It is, of course, completely immaterial 
which two variables are given and which is considered 
to be the unknown function. 

Four or more variables will generally result in a 
sequence of three-variable nomographs as shown in 
Sketch B. 

Ungraduated auxiliary scales—e.g., scale g in the 
given example—are employed, and the number of 
auxiliary scales is N-3, where N = number of all the 
variables—e.g., N = 4 in the present example. 

A special case of the four-variable solution exists for 
equations of the form 


ACU) /fV) = fa(W)/fa(X) 


These equations may be expressed in the form of a 
proportional chart (Sketch C). 

Given any three values of three independent vari- 
ables U = U,, V = Vi, W = W,, the unknown X = 
X, is found as follows: 


Sketches A, B, and C (left to right). 


(1) Connect U; and V; with a straight line. 

(2) Draw a straight line through 1, and the inter- 
section point 7), reading X;, on the X scale. 

While in general no discussion of the various figures 
(Figs. 1-11, pp. 67-78) is required, special note should 
be made of the graphical solution to Kepler’s equa- 
tion (Fig. 9). As may be seen from this equation, 


M = 2nt/r = E-—esnE 


The reverse solution for position as a function of time 
is transcendental—e.g., it requires a trial-and-error 
approach. This iterative procedure may be greatly 
simplified by utilizing this figure to obtain the first 
approximation of E. Now, if Newton’s method is 
employed, the value of E correct to any number of 
places may be obtained in a few iterations. This 
iteration is presented here. 


e (sin Ex — Ex cos Ex) + M 
1 — ecos Ex 


Ex+i = 


Figs. 10 and 11 present the effects of the earth’s 
equatorial bulge on the orbit of the satellite. These 
effects may be considered to a first approximation to 
be the uniform regression of the line of nodes about the 
equator and the rotation of the line of apsides within 

(Continued on page 66) 
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Nuclear Applications-—Making a Task Simpler 


Sizing Gas-Cooled Reactor Cores 


A simplified method for thermodynamic requirements 


Thomas G. Flock, MIAS, Grand Central Rocket Company 


I. THE DESIGN of gas-cooled reactor cores the ability 
of the coolant to extract the energy generated usually 
determines the size of the core. This introduces 
interplay between the nuclear and dynamic require- 
ments which are sometimes in direct opposition to 
one another. For this reason, the selection of the most 
suitable core is a somewhat tedious chore. With the 
assistance of a few simplifying assumptions, this task 
can be reduced to a fairly straightforward procedure 
and still maintain reasonable accuracy. 

First, assume the radial power profile is flat; the 
convective heat-transfer coefficient is constant through 
the core, and is expressed by the familiar Nusselt 
number relationship 


Nu = 


hDy, = 0.023 (wDy, A (1) 
Separating Eq. (1) into its thermal and dynamic parts, 

2) 
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Symbols 
A = area, ft.? 
= convective heat-transfer modulus, hD®-?/G%8 
Cp = heat capacity, B.t.u./Ib.m, °R. 
G = mass velocity, lb.,,/ft.?-sec. 
go) = gravitational constant, ft. lb.,,/lb.¢ sec.? 
h = heat-transfer coefficient, B.t.u./hour ft.2 °F. 
k,, = thermal conductivity of gas, B.t.u./hour ft.? °F./ft. 


k = ratio of specific heats, Cp/C, 
= length, ft. 

= flow Mach number 

= number of coolant passages 

= Prandtl number 

= pressure, psf 

= heat extraction, B.t.u./sec. 

= gas constant, ft.-lb.,/Ib.,, °R. 
= temperature, °R. 

= log mean temperature difference, °F. 
= void fraction 

= gas flow, lb.,/sec. 

= viscosity of gas, lb.n/sec. ft. 


= flow area 

= frontal area 

= individual flow passage 
= stagnation conditions 

= surface area 

= core inlet conditions 

= core discharge conditions 
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reactors lo satisfy thermodynamic requirements is presented. 


It is useful for optimization and off-design studies, 


and may also be of assistance in estimating cooling passage sizes 


of shields and other heat sinks. 


Now assume the flow passages are circular and of 
diameter D,, and let 


G = = (3) 
and establish a modulus from the thermal characteristics 
B = (4) 

h = B(G5/D°.?) 


For the particular gas under consideration Eq. (4) 
can be evaluated and plotted similar to Fig. 1. The 
units of the values in the modulus are those indicated 
in the nomenclature and follow the usual convention, 
but because the Nusselt number is dimensionless only 
consistency is required. 

Then, from a heat balance 


Q, = hA.(Tw — Te) (5) 
and from the flow passage geometry 
As = tDyLn (6) 
Then, substituting into Eq. 5 


Q, = — Te) (7) 
and using Eq. (3) 
0, = yw = Te) (8) 
Following the usual convention of letting the wall- 
gas-temperature difference be the log-mean-tempera- 
ture difference, then this variable can be reduced and 
used as a constant A7, or 


(Twi — Ter) — (Twe — Tee) 
— Te1)/(T we — Te2)] 


(The individual temperatures are not all known and 


are not necessary to the preliminary analysis, as will 
be seen. ) 
Then 


AT 


QO, = AT (9) 


A method for rapid calculation of reactor geometry for gas-cooled 


GENERALIZED REACTOR 
DESIGN CURVE FOR AIR 


Evaluating the constants, 


QO, = 3.87Bn°-2(w/Dy)8LAT (10) 
Rearranging terms, 
(w/Dy)°* = Q,/3.87Bn-LAT (11) 


This function is plotted as in Fig. 2. The core length 
and the temperature difference have been combined 
into the single term LAT. 

The use of this plot requires some knowledge of the 
parameters such as the approximate core size desired, 
the neighborhood of the temperature difference, and 
the void fraction of the core. Because the temperature 
difference is influenced by material considerations and 
is used only as a first approximation in entering this 
plot, it need not be too accurate. The core size and 
void fraction are arrived at from a separate nuclear 
analysis which is dependent upon the application 
involved. In addition, the plot is generalized for 
1 mw. so that scaling is easily accomplished. 

(Continued on page 80) 
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Operations—An Electronic Management System 


The Integrated Crew-Computer Team 


Its Role in the Supersonic Transport 


“The electronic management system represents the philosophy of 
coordinating most of the operational functions of the specific aircraft subsystems 


through the use of one central digital computer.” 


Donald W. Richardson, AFIAS, Hughes Aircraft Compony 


i PUBLIC in general is rapidly becoming indoctri- 
nated into the ways of the jet age which has so rapidly 
engulfed us all. We have already geared our thinking 
in terms of the delivery of mail, cargo, and people at 
the 600 m.p.h. presently being achieved by all of the 
major airlines all over the world. Obviously, the jet 
transport aircraft is here to stay. 

However, not so obvious to the general public but 
glaringly evident to the manufacturers and users of 
these aircraft, the designers and pilots, the engineers 
and control tower operators, is the entire new family of 
operational and traffic control problems created by, or 
in many cases aggravated by, the same characteristics 
which have brought about the universal acceptance of 
these aircraft. The ever-increasing numbers of turbo- 
jet transports in the Mach 0.8-0.9 speed regime, operat- 
ing at altitudes up to 40,000 ft., are already of such 
magnitude as to cause considerable concern among the 
personnel responsible for the safe and economical 
operation and control of these aircraft. The mere 
thought of the transition to Mach 3 and 70,000 ft. 
staggers the imagination. 

On the basis of results obtained from the Supersonic 
Transport Parametric Studies it has become clear that a 
supersonic transport is technically and economically 
feasible. Assuming that at some undetermined date 
in the near future a firm decision will be forthcoming 
to initiate airframe design and production, we must 
give serious consideration at the present time to the 
attendant subsystems development. 

In order to operate these supersonic transport air- 
craft with a reasonable degree of safety, efficiency, and 
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economy, a significant categorical upgrading of opera- 
tional and traffic control techniques is obviously in 
order. In addition to the more than threefold in- 
crease in aircraft speeds and closure rates, increases 
can be expected in per hour operating costs, fuel con- 
sumption, crew duties, and a myriad of other factors 
which contribute to the general complexity of an aerial 
transportation system. Presently some effort, con- 
siderable in some areas and sparse in others, is being 
expended toward designing and developing hardware, 
both airborne and ground based, which will alleviate 
these problems. It is the purpose here to postulate an 
integrated airborne system designed specifically for 
operation in a supersonic transport aircraft. 
ment of this system should run concurrently with the 
airframe development, tailored to the specific needs ol 
the proposed air vehicle and its operational environ- 
ment. Design of the aircraft cockpit, control systems, 
and associated subsystems is closely allied with the 
concepts and capabilities involved in the system under 
consideration. 
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In most of the following discussion the proposed 
problems and solutions are biased toward the en- 
visioned Mach 3 transport aircraft of the 196? era but 
apply in only a slightly lesser degree to the contempo- 
rary crop of turbojet transports, aerial tankers, military 
heavy bombers, patrol aircraft, etc. In general terms, 
it appears that the safe and efficient operation of a super- 
sonic transport aircraft requires the introduction of a 
central electronic management system into the air- 
craft. This management system would be designed 
around a central airborne digital computer which—with 
associated instrumentation, controls, and displays— 
would monitor and control the actions and performance 
of the aircraft and its various subsystems. Features 
of redundancy and fail-safe concepts would of course be 
built into the system to allow, in effect, manual emer- 
gency operation; the normal mode of operation of the 
aircraft would be semiautomatic, using the digital 
computer as the central control element but allowing the 
pilot the option of manual execution of displayed 
commands. Fig. 1 shows a Mach 0.9 cockpit design. 


System Functions 


Under discussion at this time is the basic concept of a 
central computational and control management sys- 
tem which would act as a clearing house between the 
initiating forces of the flight crew plus the ground- 
based traffic control environment and the reacting 
elements of the aircraft including all of its various 
subsystems. The specific degrees of control which 
this management system will exercise over the flight 
vehicle will vary with the individual design of the ve- 
hicle and the mission the aircraft is called upon to 
perform. However, certain functions become man- 
datory because of the very nature of the problem—in 
this case, the control of a manned, atmosphere-travers- 
ing, air-breathing vehicle traveling at speeds in excess 
of 2,000 m.p.h. at altitudes above 70,000 ft. 

This section will deal with those functions which, it is 
believed, could be controlled feasibly and profitably 
through the use of this central electronic management 
system. The following preliminary list of functions 
should in no way be construed as a limit or boundary on 
the number or complexity of the capabilities of the 
general system as presently visualized. It represents 
instead an initial attempt to define and correlate some 
of the more obvious and achievable functions which 
such a system might be expected to perform. In 
Table 1 an effort has been made to classify in general 
terms the functions performed by the system and the 
operators in terms of automatic (A), semiautomatic (S), 
and manual (M) types. In many cases the functions 
are capable of being performed in several degrees of 
automaticity. In such cases an indication is given of 
the range of capability. Final definition or require- 
ment of a fully automatic system is subject to specifica- 
tion by the customer. Crew functions are broken 
down into those necessary to initiate a system function 
and those necessary to comply with system outputs or 
commands. In the case of crew compliance, reaction 


to a displayed command signal or error signal is classi- 
fied as semiautomatic (S). 

Detailed descriptions of the mechanical and elec- 
tronic techniques utilized in the accomplishment of 
these functions are not considered pertinent to an 
outline of this nature. In certain categories, however, 
a brief general description of the suggested solution to 
the problem is included in order to indicate effectively 
the feasibility of the solution. All of the functions 
suggested here are based on applications or develop- 
ments of current.techniques or hardware. 

It should be noted here that the introduction of the 
central computer system into the supersonic transport 
is not considered by the writer to be a cure-all or 
panacea for all of the suggested operational problems. 
It is, however, considered to be an extremely useful 
tool, designed to fulfill a specific and unmistakable need 
in the operation and control of these aircraft. All of 
the concepts proposed in this admittedly preliminary 
study have been discussed in considerable detail with 
the major airframe manufacturers, as well as with 
traffic control personnel. The navigation functions 
of the airborne system were designed to complement and 
extend the capabilities of the projected air traffic 
control system. Elaboration on all of the various 
techniques whereby the automatic navigation features 
of the computer system could be integrated into the 
traffic management picture could, and probably will, be 
the subject of many additional papers. 


Take-Off Monitor 


Starting, of all places, at the beginning, the problem 
of safe take-off operation has been considerably com- 
plicated by the increased gross weight of jet transports 
and the sensitivity of engine thrust to variations in 
ambient atmospheric conditions such as temperature. 
Even today, in many instances fuel and/or payload 
must be offloaded in order to meet runway length and 
traffic pattern clearance requirements. For this reason 
several manufacturers and users are considering differ- 
ent types of take-off monitors. Basically these de- 


Fig. 1. Typical installation of a prototype chart display and controls in a 
commercial jet transport. 
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vices compare the take-off performance being achieved 
by the aircraft to a selected set of predicted data. 

Of the various aircraft parameters, the most useful in 
the evaluation of take-off performance is the longitu- 
dinal acceleration of the aircraft along the runway head- 
ing. Assuming for the moment the physical existence 
in the aircraft of a Schiiler-tuned inertial navigation 
system with accelerometers, and a digital computer, 
the acceleration along the runway heading would be 
calculated by resolving the components of the acceler- 
ations measured by the accelerometers in the stable 
platform. This value of existing acceleration would 
be compared with predicted take-off performance data 
contained in the digital computer based on the specific 
runway being used, present atmospheric conditions, 
aircraft gross weight, etc. A continuous signal would 
be generated as to whether the aircraft was exceeding 
or lagging the predicted acceleration. In addition, at 
the critical accelerate-stop point on the runway a 


Table 1. 


final go-no go signal would also be displayed in the 
cockpit. The actual physical design of the take-off 
monitor display instrument, as well as definition o/ the 
specific parameters to be displayed, will probably con- 
tinue to be a subject for human factors investigation. 
The basic function of the take-off monitor, however, 
which is presently performed by a separate analog 
computer subsystem, would be integrated into the over- 
all capability of the central digital computer. 

The salient characteristics of the specific runway 
being used—such as length, grade, heading, and ele- 
vation—would be stored in the digital computer for 
whatever selection of runways considered feasible 
from operational and computer storage considerations. 
An alternative or supplemental technique could be a 
manual cockpit entry of runway data for take-offs 
from airports not usually encountered in normal opera- 
tion. Wind would be inserted manually and ambient 
temperature information would automatically enter the 


System Functions 


System ———Crew 
Func- 


Com- 


System ———Crew—— 
Funce- Com- 


Take-off monitor calculation 
and display A A S 
Fuel-range calculation and dis- 

play A A A 


Basic System Function tion Initiation pliance Basic System Function tion Initiation pliance 
Horizontal Navigation Monitoring and display of criti- 
Present position determination A S, A A cal safety criteria, i.e., 
Future course selector S,A M,S A Pressurization A A $A 
Heading commands, display A A S\4 Control system A A S, A 
Autopilot tie-in A A A Flaps A A S, A 
Predetermined terminal patterns S,A S,A S,A Landing gear A A S,A 
Time prediction (ETE, ETA) A A A Ete, 
Data link tie-in A A A Flight Recorder 
Vertical Navigation Logging on permanent record of 
Speed /altitude scheduling Position reports A A 
Cruise control—minimum Communications A A A 
cost, maximum range, etc. A A S, A Pertinent flight data A A A 
Climb schedule—minimum Subsystem Control 
cost, Maximum range, etc. A A S, A Automatic monitoring and con- 
Descent schedule—minimum trol as applicable to subsys- 
cost, maximum range, etc. A A S, A tems, such as 
Automatic throttle control SA oA S,A Pressurization/air condi- 
Speed /altitude commands A A S,A tioning A A S, A 
Autopilot tie-in A A A Deicing A A S, A 
Data link tie-in A A S, A Communications 
Fuel Management—Cruise Control Automatic position reporting A A A 
Automatic throttle control S, A A S,A Flight path prediction A S, A S,A 
Speed /altitude scheduling A A S,A Acceptance, display, and execu- 
C.g. control (trim drag) A A A tion of ground traffic control 
Tank transfer A A A commands A A S,A 
: Keyboard message composition A M A 
Engine Control Two-way data link system A A A 
Automatic throttle control (tie- : 
in with speed/altitude con- Displays 
trol) A Navigation 
Charts-planning, enroute, 
System Test and Checkout terminal* A M A 
Perform preflight, enroute, and Present aircraft position and 
postflight checks of heading* A A A 
Central computer A M,S,A S,A Immediate and future desti- 
Electronics, navigation, and nation * A M,S A 
communications system A M,S,A S,A Future desired ground track* A M,S A 
Assorted subsystems accord- Fuel range, point-of-no- 
ing to specific aircraft re- return* ; A M,S,A A 
quirements A M,S,A_ S,/ Command heading, speed, al- 
Isolated failures and/or incipi- titude ETE, ETA A A A 
ent failures A S,A S,A System checkout _ 
Display failure identification A S,A S, A Diagnostic routines* A M,S,A S.A 
Failure indicators* A S, A S, A 
Flight Safety Monitor and Display Fault isolators* A S, A S, A 


Flight safety 
Take-off monitor A A S, 
Fuel range* A M,S,A A 

Data link commands A A S 


Manual (M), semiautomatic (S), automatic (A). 
* Information appears on horizontal situation display. 
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computer from a source of air data. 
computer would calculate prior to take-off the maximum 
allowable take-off gross weight for the runway con- 
ditions under consideration or, conversely, would cal- 
culate the necessary runway length for the desired 


The digital 


aircraft loading. In either case, the aircraft would take 
off with its maximum allowable payload subject to 
whatever margin of safety is built into the calculations. 
Then, during the take-off operation, a continuous indi- 
cation would be displayed to the pilot of the take-off 
performance as compared to that which should theo- 
retically be obtained under such conditions. In this 
manner, considering the stored data to be representative 
of the actual achieved performance under normal con- 
ditions, the aircraft could confidently be operated within 
safety limits yet at the highest payload (and, therefore, 
the most remunerative operating condition) suitable 
to the existing take-off and route conditions. 


Automatic Navigation Control and Display 


The introduction of the supersonic jet transport into 
the commercial air transportation system will necessi- 
tate a reorientation of the existing approach to several 
old problems, as well as the initial consideration of a 
few new ones. This is also true, in some degree, of the 
current subsonic jets. The major advantage of the 
supersonic transport is naturally its high speed. How- 
ever desirable this speed increase may be from the 
standpoint of the paying public, it will also bring with 
it some undesirable features. The higher closing rates 
and shortened block times will add considerably to the 
rate at which the flight crew must perform their speci- 
fied duties of navigation, communication (position re- 
porting, traffic control coordination, etc.), and collision 
avoidance, as well as overall monitoring and control of 
all of the aircraft systems and actually flying the air- 
craft. The capabilities of the flight crew, especially 
under conditions of instrument flight and congested 
traffic areas, are presently being utilized to the point 
of saturation. Some means must be found to alleviate 
this load, leaving more time for the flight crew members 
to exercise their unique facility for decision-making 
and system management. 

The necessity for precise navigation and accurate 
position reporting will become more acute because of 
these higher velocities. The present, and foreseeably 
future, concept of ground-based traffic control centers 
makes it mandatory that the aircraft be capable of 
maintaining an assigned ground track in order that 
necessary aircraft separations do not quickly engulf all 
of the available airspace. Present techniques em- 
ployed in the acquisition and display of position in- 
formation to the flight crew are not satisfactory under 
the projected conditions of rapidly changing position. 

One of the primary functions of the central digital 
computer in the system under discussion would be its 
role as a navigation device. The inherent flexibility 
of the digital computer would be used to great ad- 
vantage in processing position determination informa- 
tion from 2 variety of sources such as Doppler /inertial, 


Fig. 2. 
graph of an actual chart, with superimposed symbols, being projected onto 
the screen. 


Pictorial chart display, advanced development model. Photo- 


VORTAC, Loran, stellar, or even a visual position fix. 
Either automatically or via a manual entry keyboard, 
the position information is fed into the computer. 
After the necessary calculations have been performed, 
the computer would position an appropriate symbol on 
a pictorial map display, indicating the present position 
and heading of the aircraft. This pictorial map dis- 
play, as typified in Fig. 2, would project several differ- 
ent scale maps upon pilot command. In each case, 
should a planning, enroute, or terminal area map be 
requested, the computer will automatically reposition 
and track the aircraft symbol to indicate continually 
the exact geographical location of the aircraft. 

Based on extensive operational experience and human 
factors studies, the pictorial map display has become an 
essential part of the computer system. Comparative 
tests of pilot performance using pictorial map displays* 
indicate superior results both qualitatively and quan- 
titatively using map displays as an aid to terminal area 
navigation. Use of the map display as an enroute 
navigation device in the MA-1 fire-control system in 
the operational F-106 aircraft has also proved its utility 
in this function. 

Using this same map display, the future flight plan 
of the aircraft may be entered into the computer by 
positioning a destination symbol. Thereby the com- 
puter would automatically navigate the aircraft to 
fixed geographical locations along either crew or ground 
control selected specific ground tracks. Commands of 
heading, speed, and altitude would be generated either 
for display or transmission directly to the autopilot. 

(Continued on page 46) 


* Roscoe, S. N., Pictures Speak Louder Than Numbers, Hughes 
Aircraft Co., presented at 13th Annual Technical Conf. of IATA, 
Lucerne, Switzerland, May, 1960. 
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Vehicle Design—Avoiding Punctures in Space 


Meteoroid Shielding for Space Vehicles 


Up-to-date information on the meteoroid environment of space and on hypervelocity umpact and penetration 
is evaluated. A “‘guide-line’’ approach to the development of design charts is then established in 
terms of which an attempt is made to assess the effects on meleoroid shielding requirements of uncertainties 


in state-of-the-art information. 


David Rodriguez, Aeronutronic, a Division of Ford Motor Company 


ns MOST CERTAIN aspect of the hazard to space ve- 
hicles from meteoroids is the great uncertainty underly- 
ing any attempt at a quantitative assessment of the 
problem. All available information, including even the 
most recent experimental and theoretical results, 
constitutes only the most meager knowledge of 
the meteoroid environmental characteristics of space 
and of the response of materials and structures to this 
environment. Tremendous areas of ignorance and un- 
certainty exist. and even much of the available informa- 
tion is itself subject to considerable uncertainty. Thus, 
within the current state of the art, any quantitative 
predictions must be regarded as only crude estimates 
indicative of the orders of magnitude involved. How- 
ever, using the best information available at present, 
these order-of-magnitude indications can be estab- 
lished, and, if properly interpreted, serve as useful 
guides. In addition, logical and systematic design 
procedures, adaptable to changing state-of-the-art 
information, can be developed. 


Meteoroid Environment 


Observations 


Knowledge of the characteristics of meteoroids in 
space is based on observations by optical and radio- 
reflection (radar) techniques of physical phenomena 
occurring during the interaction of these bodies (me- 
teors) with the earth’s atmosphere. Fragments and 


Editor’s Note: Work reported here was carried out under 
Air Force Contract No. AF 33(616)-6641, which also provided 
for a study on radiation shielding. Aerospace Engineering hopes 
to present a report on findings of this investigation, and conclu- 
sions drawn, in an early issue. 
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Dr. Rodriguez did his undergraduate work in 
civil engineering at Manhattan College, 
majoring in structural design. He obtained 
his M.S. (1956) and Ph.D. (1958) in engineer- 
ing mechanics at Stanford University. His 
graduate work at Stanford was carried out 
under National Science Foundation Fellow- 
ships. Currently working with the Advanced 
Systems Activity of Aeronutronic's Space 
Technology Operation, Dr. Rodriguez has 
been engaged in studies relating to various 
problems associated with advanced space 
vehicle technology. 


Symbols 

F> = particle flux having mass m or greater (number pet 
unit area per unit time) 

m = mass of particle or meteoroid 

a, B = meteoroid environmental parameters (empirical 
constants ) 

h = depth of penetration 

V = crater volume 

U = kinetic energy 

p = density of target material 

i = energy required to remove material from target 
surface 

Er = modulus of elasticity of target material 

Eo = reference modulus of elasticity 

7,9, = penetration parameters 

d = diameter of particle or projectile 

p. = density of particle or projectile 

v = velocity of particle or projectile 

¢ = velocity of sound in undisturbed target material 

ts = thickness of meteoroid shield 

A = exposed area of vehicle 

T = exposure time 

N> = average number of particles with masses equal to, 
or greater than, m striking vehicle 

fh = design parameters 

B = average velocity of meteoroids 

p = probability or design reliability 

n, N- = numbers of penetrations 
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dust of meteoric origin which have reached the surface 
of the earth also yield some evidence as to the physical 
nature of the original space debris. Most recently, 
further information on meteoroids has been obtained 
by means of devices carried in rockets and satellites. 
In the case of the optical and radar observations, 
the directly measurable quantities are luminous in- 
tensity (or radio ionization), velocity, and number of 
the particles. Sizes, masses, and densities remain to 
be determined by deductions based on physical reason- 
ing and mathematical theory which must resort to 
inferences, empiricisms, assumptions, and even con- 
jecture. In other words, the physics of the processes 
occurring during meteoric phenomena (interaction of 
meteoroids with the earth’s atmosphere) is not well 
understood. The degree of uncertainty is very great. 
Measurements of meteoroid flux made by means of 
instruments carried in rocket and satellite vehicles 
have been subject to serious limitations and difficul- 
ties. First of all, the devices are such that a physical 
quantity (or signal) is measured which bears some 
functional relation to the meteoroid mass and velocity. 
Thus far, most of the experiments have counted only 
impacts of meteoroids with sufficient mass and ve- 
locity that the physical effects occurring exceeded the 
threshold sensitivity of the instrumentation, thereby 
producing a signal. The threshold sensitivity of the 
instrumentation is functionally related to the mass 
and velocity of the striking particle, but, so far, it has 
not been possible to establish this relationship with 
certainty for the high-velocity regime characteristic 
of meteoroids. To this end, some theoretical analysis 
has been attempted, but meteoroid velocities are 
beyond the limits of current laboratory capability and 
direct experimental calibration has not been possible. 
This fact, compounded with other experimental diffi- 
culties, results in a considerable degree of uncertainty 
in the rocket and satellite measurements. In addition, 
the devices thus far employed have been quite limited 
in size so that only a very small area has been exposed 
to meteoroid impingement. Optical and radar ob- 
servations indicate that small meteoroids are more 
numerous in space than larger ones, and only very 
small meteoroids are numerous enough to strike these 
small detectors during their operating period. The 
result is a gap between the radar and satellite data, 
as shown in Fig. 1 (adapted from references 1 and 3). 
Furthermore, there is a problem with regard to statisti- 
cal significance stemming from the limited operating 
times of the satellite devices employed thus far, and 
from their ability to survey only a small area of the 
sky. Bjork! states that at present, Explorer I (alpha 
1958) and Vanguard III (eta 1959) data, shown on 
Fig. 1, “overshadow the rest in statistical significance.” 
Some Russian measurements are also shown. More 
recent Russian information agrees more closely with the 
American data.!2 
It is clear that a high degree of uncertainty is in- 
herent in current state-of-the-art observations of the 
meteoroid environment and in measurements of 
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Fig. 1. Meteoroid flux vs. mass near earth. 


Table 1. 
Kornhauser Whipple 
n/v'/3 20.8 | 1.0 | 0.8 | 1.0 
Magnesium 1.6 2.0 1.4 1.8 
Beryllium ie 2.4 | 
Titanium 1.3 1.6 
Steel 1.8 y 1.4 
Inconel 1.4 1.8 
Molybdenum 2.4 1.9 
| A=METEOROID-ENVIRONMENTAL 
PARAMETER 
9- ts= SHIELD THICKNESS REQUIRED FOR 


PROBABILITY, p N, OR FEWER, 

8 METEOROID PENETRATIONS 

7 f=FACTOR DEPENDING ON VEHICLE SIZE, 
MISSION DESIGN TIME INTERVAL, AND 

6 MATERIAL AND METEOROID- 

5 ENVIRONMENTAL PARAMETERS 


N 


Fig. 2a. Influence of design criteria on shield thickness fs. 
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OID- ENVIRONMENTAL 
PARAMETERS 
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METER 
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2099074 


Fig. 2b. Meteoroid shield design parameter ts/f 
vs. design criteria N and p. 
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A=METEOROID-ENVIRONMENTAL PARAMETER 
A=SHIELD AREA, (FT)? | 
7 =DESIGN TIME INTERVAL, HOURS 


f/f,=DESIGN PARAMETER 
10*- 

12 
13 

10 Teg 108 10” 


Fig. 3. Meteoroid shield design parameter f/f, vs. mission parameter Ar. 


—— 


ALUMINUM SHIELD 
7=3.0 
perl eet 
| 
10° 10° 10” 10° 10” 
ve =4QKW/SEC 
p(0)=0.99 


(O)= PROBABILITY OF NO PENETRATIONS | 
TIME INTERVAL 7” 


ts= METEOROID THI 
A= SHIELD AREA (SQ. FT) 
7=DESIGN TIME INTERVAL (HRS) 

7,6,¢=METEOROID PENETRATION PARAMETERS 
v=AVERAGE VELOCITY OF METEOROIDS 

a,8=METEOROID ENVIRONMENTAL PARAMETERS 


Fig. 4. Effect of parameter variation on shield thickness of aluminum. 


1/3, 932/3 ts= “SHIELD THICKNESS (IN.) 

=40km/SEC =DESIGN TIME. INTERVAL (HRS| 
(0)=0.99 %,9,y=METEOROID PENETRATION | 


PARAMETERS 


«,8 =METEOROID ENVIRONMENTAL, 


PARAMETERS 
¥ =AVERAGE VELOCITY OF 
METEOROIDS | 
TITANIUM p(O)=PROBABILITY OF NO PENE- | 
STEEL TRATIONS IN TIME 
10* io° 10* 10° 10° 10” 
Ar 
Fig. 5. Representative meteoroid shield design curves for several 
materials. 
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¢.9,¥ =METEOROID PENETRATION 
PARAMETERS 
,8=METEOROID ENVIRONMENTAL 

PARAMETERS 

v “AVERAGE VELOCITY OF 


ETEOROIDS 
PROBABILITY OF NO PENETRATIONS TIME 
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Ar 
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Fig. 6. Representative curves for meteoroid shield weight. 


Table 2. Weight/[Weight Aluminum (¢ = 1/3, = 1/3)] 


0= 1/3 = 2/3 (Pp = 2.7 gicc) | 
1/3 | 2/3 1/3 
Beryllium 0.57 0.84 0.65 0.94 | 
Magnesium | 0.75 1.49 0.87 1.76 | 
Aluminum 1.00 1.97 1.00 1.97 
Titanium | 1.43 2.91 1.20 2.44 
Steel 2.06 4.09 1.44 2.85 
Inconel | 2.13 4.26 1.45 2.91 
Mo lybtenum | 2.37 4.57 1.52 2.92 
| | 
Table 3. 
a 8 
Area (A) Meters? Feet? Feet“ 
Time (7) = Seconds Hours Hours | 
1.0 0.694 x 107? 
1.35 x 107° 
1.0 x 107!? | 3.34 x 1072? 
2.34 x lo” 


3.72 x lo”? 


0.736 x 107° 


et 1.42 x 1073 


1.2x107! | 4.0 x 107° 


1.2 2.46 x 10 
-3 


1.3 3.89 x 10 
1.0 0.756 x lo”” 
| | 
| 1.1 1.46 x 10 } 
| 1.3.x lo 4.34 x 10°!° 
| 1.2 
| 
Table 4. 
/ 
| 5-6 
| 
| v 40 km/sec 
j @ = 1/3 = 2/3 
@= 1/3 = 2/3 1/3 3 
Berylliur 1.19 1.64 0.97 1.4 
Magnesiu 1.65 3.30 1.38 
Aluminun | 1.42 2.81 1.02 0 
Titaniun | 1.22 2.48 0.74 
| 
Steel 1.01 2.00 0.50 0 
Inconel | 0.98 1.95 0.48 0.9 
| 
Molybdenu: | 0.89 0.41 0.79 
| 
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meteoroid characteristics. 
exist and much fundamental information is needed. 
Estimates based on current information could be in 
error by an order of magnitude or more. 


Large areas of ignorance 


Physical Nature and Characteristics of Meteoroids 


Origin, Composition, Densities 


It is reasonable to expect that meteoroids are dis- 
tributed throughout the solar system in varying quan- 
tities and with varying physical properties. Frag- 
ments of extraterrestrial material which reach the sur- 
face of the earth (meteorites) have relatively high densi- 
ties, varying from that of stone (2-3.5 gm./cc.) to that 
of iron (~8 gm./ce.). It is assumed that the original 
bodies of which these meteorites are the remnants were 
the debris of disintegrated planets (the asteroids). To 
maintain that a// observed meteors have such high 
densities would lead to some very unlikely conclusions— 
namely, untenably high values of luminous efficiency 
would be necessary in most instances in order to account 
for these high particle densities. Whipple has indi- 
cated that only a small fraction, probably less than 
10 per cent, of meteors observed photographically or 
visually ‘are of asteroidal origin.2~* He also states 
that less than 1 per cent, if any, originate outside the 
solar system, as would be indicated by hyperbolic 
orbits.2»* Cometary debris is concluded to be the 
source of the remainder of the visual and photographic 
meteors.?~* 

Henderson® states that “‘little is actually known 
about comets, their origin, their physical make-up, 
ete.” and also that “from spectrographic studies of 
comets, it has been theorized that ‘dust’ containing 
carbon, sodium, and iron, as well as ‘ices’ of methane, 
ammonia, water, and other materials, exist within the 
coma and tail of the comet. This dust is thought to 
be the origin of the major part of the meteoric par- 
ticles observed, as well as the smaller ones whose 
existence is postulated by extrapolation.” He com- 
ments on Opik’s reference to the cometary particles 
as dust-balls—‘‘loosely bound agglomerates so fragile’ 
that they collapse and break up under the aerodynamic 
drag generated during their passage through the earth’s 
atmosphere, giving rise to ‘‘the luminosity upon which 
the low density of the original particle is postulated.” 
Mustain‘ describes the comets as ‘low density collec- 
tions of orbital material in our solar system that con- 
tain rarefied gases, dust, and frozen ices.” He notes 
that they “disintegrate rapidly under exposure to 
strong solar heat during the perihelion phase (point 
nearest the sun) of their orbit’’—the indication being 
that this process gives rise to the fragments and par- 
ticles which constitute the majority of the meteoroids. 
Other possible causes of such fragmentation processes 
could be collisions of comets with other bodies and the 
action of strong gravitational forces on comets in the 
Vicinity of large masses in the solar system, such as 
Jupiter and the sun. Basing his remarks on an accu- 


mulation of evidence of this nature, generated by 


Table 5. 
j Relative Shield 
| Thickness 
| 
| ¥¢ c) 1/3 @ = 2/3 
20 0.79 0.63 
30 0.91 0.82 
40 1.00 1.00 
50 1.08 1.16 } 
Table 6. 
1 | 
1 
ay | 
Fo } 
3 
(g/cm?) = @= 2/3 | 
0.05 1.00 0.368 
| 1.00 


various visual (such as the Harvard photographic 
Meteor Program) and radio meteor programs, Whipple 
states that ‘‘the evidence is extremely strong, although 
not quite conclusive, that the density of ordinary 
meteoroids is the order of 0.05 gm./cm.*. . . . The 
photographic meteor program has led to precision re- 
sults in terms of meteoric velocities, luminous intensi- 
ties, decelerations, and trajectories. A number of 
important radio meteor programs have added infor- 


mation concerning . . . meteors fainter than those that 
can be photographed. . . . None of these techniques, 


however, can measure directly the density and mass 
of a meteor.” As mentioned previously, the evalua- 
tion of these quantities is presently based on deduc- 
tion and inference—physical reasoning in conjunction 
with approximate rational analysis, together with a 
certain amount of conjecture. Hence, conclusions 
cannot be established with any real certainty and must 
be regarded in this light. Whipple comments further, 
however, that although ‘‘the determined density of 
0.05 gm./em. appears to be an extremely low density 
for a solid body in space . . . cometary origin makes 
such densities seem plausible while the corresponding 
values of luminous efficiency (the order of 10~*) seem 
also acceptable. Note that the assignment of densities 
proper for stone . . . or iron . . . would lead to the im- 
possible conclusion that practically all of the original 
kinetic energy in an ordinary visual meteor is trans- 
formed into light. The radiation procésses are ex- 
pected to be rather inefficient and a much lower lumi- 
nous efficiency is to be expected. The conclusive 
evidence of fragility and the lack of structural strength 
are consistent with the low density. . . . 

“We have no direct evidence to justify our extra- 
polating the densities measured among the visual 
meteors to the extremely faint ones, or to bodies too 
small to be detectable by any means during their transit 
through the atmosphere. One might argue that 
smaller and smaller pieces broken from a large mass of 
very low density would necessarily be of higher density 


than the original particle. This argument seems 
(Continued on page 55) 
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Propulsion Systems—Toward Meteoritic Speed 


The Multistaged Shaped Charge Projection Technique 


Shaped charge projection for rocket booster stages are feasible. 
It may be possible to achieve a three-stage 60,000-fps velocity projection 


Marvin W. Burnham, Denver Research Institute 


A DESIRABLE GOAL in hypervelocity projection would 
be that of projecting the maximum projectile mass at a 
velocity anywhere within the meteoritic velocity range. 
The meteoritic velocities range between 17 and 90 
km.sec. We would settle for particles of micron size or 
larger in this velocity range. Shaped charges are known 
to produce extremely high velocities.* In fact, 
velocities of the order of 90 km./sec. have been produced. 
However, the particles moving at such a velocity are 
really molecular in size and are considered to constitute 
a hypervelocity gas.':* Particles propelled by a shaped 
charge are believed to have an inversely proportional re- 
lation between mass and velocity. Thus, disregarding 
the change of phase from solid to gas, the particles pro- 
pelled from a single shaped charge would always have a 
size of the order of the diameter of a molecule if the par- 
ticle velocity were within the meteoritic range. 

This paper is concerned with the traveling charge 
technique as a means of increasing the size of the particle 
accelerated to the hypervelocity range. Two specific 
techniques of accelerating the shaped charge will be 


* Shaped charges are explosive charges having a cavity which 
may be lined with the material to be projected at high velocity. 
Detonation of the charge produces a collapse of the cavity liner. 
Usually, a conical cavity is used. There is extensive literature 
available on these lined cavity charges. Further information 
on the mechanism of shaped charge projection may be obtained 
from consulting reference 1 of this paper. 


The research discussed in this paper is based upon some results 
of Air Force Contract AF 08(635)-486 sponsored by the Air 
Proving Ground Center, Air Research and Development Com- 
mand, Eglin AFB. Fred Howard of that Center has been con- 
ducting research on devices similar to those described and has 
given valuable advice to the author. 
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considered, both of which use other shaped charges to 
accelerate the hypervelocity particle producing device. 

Basically, this technique is similar to increasing the 
velocity of an ordinary gun projectile by accelerating the 
gun to high velocity prior to firing. When a shaped 
charge is accelerated to high velocity prior to detona- 
tion, several problems arise in the design. These prob- 
lems are (1) timing the charge detonation, (2) axial 
alignment of the charge or aiming, (3) setback distor- 
tion of the charge, (4) inertia of the charge, limiting 
velocity, and (5) momentum transfer limitations. 

Some of the techniques by which the traveling charge 
may be accelerated involve (1) impulse and (2) reaction 
of other shaped charges. 


Impulse Acceleration Technique 


The impulse method uses the jet from one shaped 
charge to accelerate a shaped charge in its path. The 
impingement of the jet from one shaped charge upon all- 
other produces an acceleration in the final active stage. 
Thus, a charge configuration producing micron sized (or 
larger) fragments could be accelerated by several stages 
to high velocity, and the shaped charge action of the 
final stage would add the final and the largest compo- 
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nent of velocity. In both techniques, timing is a serious 
problem. The detonation wave moves through many 
explosive materials at a higher rate than do the shock 
waves in some liner materials. In other words, the ex- 
plosive reaction is complete before any externally ap- 
plied velocity is reached, in which case the booster stages 
would do no good. However, the timing problem is 
minimized with the impulse technique. Timing is par- 
tially accomplished by a physical separation of the 
stages (Fig. 1). The jet from the first stage is already 
transferring its impulse to the second stage when it in- 
itiates the explosive in the second stage. The small 
plate or foot on the second stage acts as a wave shaper 
which both slows the detonation process and controls 
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the direction of charge initiation relative to the cone. 
Some of the major problems with the impulse technique 
are alignment, large mass, and small momentum trans- 
fer. 

One can easily see that the alignment of the impinging 
jet with the dynamic c.g. of the forward stages would be 
most critical if any degree of aiming were attained. 
The mass of these charges would have to be fairly large 
at the time the impulse was transferred from the prior 
stages since both the total charge and the liner are pres- 
ent during that time interval. Only a small portion of 
the momentum imparted to shaped charge particles is 
contained in the jet. Therefore, only a portion of the 
available momentum can be utilized in this device. 

An optimum design using the impulse technique may 
be developed using data on jet impulse produced by 
shaped charges. Fig. 2 shows the velocity output of 
shaped charges as the angular location of initiation var- 
ies from the cone axis and the cone c.g. as the origin. 
This relationship is shown for three cone angles. These 
velocities are average velocities over about three feet in 
atmospheric air and, therefore, have been attenuated 
considerably. For example, a velocity of 29,000 fps 
would be a velocity of 39,500 fps (based on the decay 
curve determined experimentally in ambient air condi- 
tions) if fired in a vacuum. It will be noted that the 
maximum velocity is obtained at an initiation angle of 
about 36 deg., and a cone angle of about 44 deg. 
Smaller cone angles can be used with resulting theo- 
retically higher velocities. The limiting theoretical 
value would be a cone angle of 0 deg. and initiation at 34 
deg. This value, of course, is an extrapolation of the 
present curves and is in process of experimental con- 
firmation. In general, though, the higher the velocity 
the smaller the jet particles, and a hypervelocity gas is 
not desirable for meteoritic environmental simulation. 

Other data related to the intelligent design of multi- 


staged shaped charges may be seen in Fig. 3. It will be 
(Continued on page 79) 
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Biomedical Sciences—Maintaining Life in Space 


An Algae Life Support System 


“It is feasible to support life of animals for 28 days or longer with green algae in a 


closed system. . . . Bacterial growth in waste is an important consideration. 


Bacterial metabolism interferes with life support.” 


Russel O. Bowman and Fred W. Thomae 


Life Sciences, Vought Research Center, A Division of Chance Vought Aircraft, Incorporated 


I. 1772 PrRiesTLEY described the ‘freshening’ of air 
by green plants, and 10 years later he showed that algae 
in his water tanks produced enough O, to supersaturate 
the liquid.! The process of photosynthesis has been 
intensively studied since then? and all the questions 
are not yet answered. Plants, in the presence of 
light, absorb the energy of light and take up COg, giving 
off O, derived from H,O* and storing the energy in the 
form of food and structural materials (cellulose). 
Animals are nonphotosynthetic, have no chlorophyll, 
and are O, and food consumers, while the plants with 
chlorophyll and light are O2 and food producers. 

N. J. Bowman suggested in 1953 that algae systems 
for food and atmosphere control would be of use for 
extended space travel.t A conference of the Office 
of the Naval Research was held in Washington in 1956° 
and the First International Symposium on Submarine 
and Space Medicine was held in Groton, Conn., in 
1958* on the subject of photosynthetic gas exchangers. 
A bibliography of 119 references’? has been compiled on 
algae as a food. Algae have been used to hasten the 
decomposition of sewage.* 

Biological recycling of oxygen, carbon, nitro- 
gen, minerals, and vitamins is a possibility. The 
completeness and efficiency of such recycling is a matter 
of engineering development and scientific study. 


Apparatus 


Our ground-based system was developed with the 
hope that a pure culture of algae would be less desirable 
than one without sterile precautions, from a mainte- 
nance and complexity point of view. With 500 foot- 
candles of lighting of flashing intensity’ as a goal, we 
made an algae chamber (Figs. 1 and 2) of concentric 
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3 in. and 5 in. diameter, 3/8 in. thick Plexiglas cylin- 
ders, the ends sealed with plastic washers covering the 
space between inner and outer cylinders and having 
access holes into this space. This chamber was 
mounted upright in a frame. One 40-watt daylight 
fluorescent bulb was centered in the inner cylinder; 
four other 40-watt lamps were mounted about 
5 in. from the outside of the outer cylinder and backed 
in pairs with white enamel reflectors. Through holes 
in the top we mounted a Hopkins reflux condenser, 4 
500-ml. conical separatory funnel for medium addition, 
a water manometer, and a thermometer. Through 
holes in the bottom we mounted an outlet tube for 
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harvesting and an inlet for aeration. For a mouse 
chamber we used a 250-mm. Scheibler Pyrex desiccator. 
Food as Purina Laboratory Chow was stored in 1/2 
in. mesh hardware cloth, and more of this wire netting 
was used to support a liter water bottle at an angle 
with a single drinking tube and to allow the mice to 
climb to the sheet metal cover over the food. The 
mouse chamber and a Fisher diaphragm-type circu- 
lating pump were mounted on a shelf at the level of the 
top of the algae chamber. Heavy walled latex rubber 
tubing and 5-mm. Pyrex glass tubes were used to 
conduct air from the side tube of the reflux condenser 
to the mouse chamber, from low in the mouse chamber 
to the pump and from the pump to the aeration inlet in 
the bottom of the algae chamber. Water at about 
5°C. was obtained from a drinking fountain and circu- 
lated through the finger of the reflux condenser. These 
lines were insulated with glass wool and aluminum 
foil to decrease heat uptake and condensation. Sili- 
cone Antifoam A was used to decrease foaming. 

A culture of the Sorokin thermophilic strain of Chlo- 
rella pyrenoidosa” was grown in the chamber with 
compressed air aeration until it had attained 1 per 
cent packed cell volume; the aeration line was then 
switched to the pump. Food, water, vermiculite for 
bedding, and the mice were placed in the mouse 
chamber. The desiccator lid was sealed and the sys- 
tem closed by completing the connection from the 
condenser to the mouse chamber. The system was 
tested for leaks at all connections and joints using liquid 
soap. When found, these leaks were corrected before a 
run. 

Five days per week, gas samples were taken from the 
tubing (inlet or outlet) near the top of the mouse 
chamber. They were collected in 10-ml. syringes 
using a hypodermic needle to puncture the pressure 
tubing. These were analyzed in duplicate or more 
for O. and CO, using the I and J columns in a Perkin- 
Elmer gas chromatograph. Room air samples were 
included as controls with each set of analyses. After 
stopping the pump, a sample of the culture was ob- 
tained for packed cell volume after 30-min. centri- 
fuging, and from the result of this a decision was made 
regarding the volume of the culture to be harvested. 
As this was withdrawn from the bottom of the chamber, 
new medium was added from the separatory funnel so 
that a minimum change occurred in the internal pres- 
sure as indicated by the manometer. 

Temperatures in the algae chamber were kept at 
38.5 +1°C. Those in the mouse chamber were 27 
+1°C., only slightly lower than those of the ait-con- 
ditioned room. 

The medium" was diluted with tap water just before 
use from stock solutions made from analytical grade 
chemicals as follows: 


Knops-urea solution: Weigh 50.0 gm. of MgSO,-7H:0, 25.0 
gm. of KH »PO,, and 25 gm. of urea into a liter graduated cyl- 
inder, dissolve in distilled water, dilute to volume and mix. 

Amon A5 microelements: Weigh 2.86 gm. H;BO;, 1.81 gm. of 
MnCle-4 0.22 gm. of ZnSO,4-7H2O, 0.08 gm. of CuSOx,- 


Fig. 1. 


5H.20, and 0.018 gm. of MoO; (85 per cent) into a liter gradu- 
ated cylinder. Add 6-700 ml. of distilled water. Stir well 
and add concentrated H.SO,; drop by drop until the turbidity 
just clears. Dilute to volume and mix. 

EDTA Stock: Weigh 50.0 gm. of ethylenediamine tetraacetic 
acid into a liter graduated cylinder. Add 4-500 ml. of dis- 
tilled water. Stir well and add slowly 310 ml. of a 10 per cent 
w/v aqueous solution of KOH. When dissolved, dilute to 
volume and mix. 

Iron Stock: Weigh 4.0 gm. Fe2(SO,); into a liter graduated 
cylinder. Add 6-700 ml. of distilled water. Stir well while 
adding concentrated H.SO, a drop at a time until the last 
turbidity just disappears. Dilute to volume and mix. 

KOH, 2N: Weigh 112 gm. of KOH into a liter Pyrex beaker. 
Add distilled water and stir until dissolved. Cool to room 
temperature. Dilute to 1,000 ml. by transfer to a liter 
graduated cylinder. Mix and store in a Pyrex or Polyethylene 
bottle. 
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The medium is prepared by measuring 100 ml. of 
Knops-urea, 20 ml. of Arnon A5, 20 ml. of EDTA 
stock, and 20 ml. of iron stock into about 1,500 ml. of 
tap water in a 2-liter bottle. While mixing, 5.6 ml. of 
the 2N KOH is added. More tap water is added to 
make 2 liters, and it is then used as the growth medium. 
The pH is 6.8. 


Experimental 


In the last year we have run mice in the system eight 
times. Five of these runs, average duration 7 days, 
were terminated when CO, had accumulated because 
of too many animals or too little algae. Three runs 
were considered successful; one of these was terminated 
when the food was used up on the 12th day, one was 
stopped on the 14th day by blockage of the aerator 
tube, and the longest run of 28 days was stopped by a 
leak which developed in the algae chamber, at the 
bottom seal. Of the five adult mice used, four are 
healthy, one died in a subsequent CO, experiment. 
One of the five has had 45 days in the regenerated at- 
mosphere, experiencing at one time a 10 per cent CO»: 
concentration with a 10 per cent O, concentration. 

Table 1 presents pertinent data obtained in the 
longest run with one 30-gm. mouse supported by 4 
liters of algae. Except for the last value obtained after 
a liquid leak from the system, the highest CO, found 
was ().5 percent. Oxygen in the system increased from 
the initial room air concentration to a maximum of 
30.7 per cent, and had fallen to lower values toward the 
last days of the run. The increase in oxygen in the 
system, which is found in all our experiments where 
CO, is kept within narrow limits, is a result of a higher 


R.Q. (CO, volume O: volume) for the mouse than for 
the algae. 

This experiment demonstrated the feasibility of 
relatively long-term respiratory management in such a 
system, and the lack of a build-up of toxic materials 
such as NH;3, CO, C:He, indole, skatole, HS, 
mercaptans, etc. Some of these would show as chroina- 
tograph peaks near those we have used. Methane and 
ethane were not present. CO has been shown to ac- 
cumulate in systems with blue-green algae!’ and has 
been suggested as a trace metabolite of all green plants.!! 
Tests on the air in the chamber with the Mine Salety 
Appliances analyzer showed no evidence for CO, less 
than 0.001 per cent, after the 28-day run, and the same 
as tests on the room air. We would point out that the 
algae culture acts as a deodorizer and uses in metabolism 
such gases as NH;, H2S, and others. Odor in the mouse 
chamber after a run is typical of the mouse living with 
his excreta, but it is not any worse than an uncleaned 
cage, in fact we believe it is less repugnant. No 
activated carbon or other absorber than the algae cul- 
ture was used in the system. 

Table 2 presents the data obtained in the longest un- 
successful experiment. Two mice were enclosed with 4 
liters of algae. Progress was favorable, in view of the 
low concentration of algae at the start, for 11 days. 
On the 7th day the CO, had reached 3.6 per cent, but 
this had later fallen. Over the week end between the 
11th and 14th days, the water supply had accidentally 
drained on the 2-week accumulated feces and urine. 
Nonphotosynthetic metabolism by bacteria caused 
progressive accumulation of CO, and decrease of Oy. 
The mice restricted their activity, breathed faster, and 


Table 1. Data on Run No. 8—One Mouse and Four Liters of Algae 
(Begun 11/2/59; opened 11/30/59) 
DAY | ALGAE CELL HARVEST DAY ALGAE HARVEST 
| VOLUME ! LITERS VOLUME LITERS 
| WET % v/v | b v/v 4 v/v | WET v/ | v/v 
Oo } 1.0 | { 20.9 |! 0.03 | 15 | 1.9 2.0 29.6 | 0.50 ! 
. 4 1.3 | 0.5 j 20.3 0.12 16 , 1.3 2.0 29.2 0.29 | 
2 | 23.2 | 0.06 i 17 2.0 1.0 28.4 0.33 | 
| 15 1.0 2.0 | 007 | 18 1.3 1.5 27.4 0.31 
1.6 1.0 26.8 | 1 1.5 28.0 0.35 
7 1% 1.9 ! 27.2 : 0.33 =} a2 1.6 1.5 25.8 0.2 
8 1.0 26. 0.32 22 1.3 1.0 24.8 0.28 
10 26.4 0.32 | 
1.5 1.0 22.4 0.22 | 
1.5 1.0 { 30.7 0.16 
| 1.9 18.0 0.31 | 
ju | 20 2.0 | 28.8 0.36 
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Table 2. Data on Run No. 4—Two Mice and Four Liters of Algae 


(Begun 8/17/59; opened 9/6/59) 


DAY ALGAE CELL |warvest | 02 | || Day | ALGAE uaRvest | 05 Cop | 
| VOLUME LITERS | VOLUME LITERS | 
| WET % v/v | v/v v/v WET % v/v % viv i bv/w 
oe | | | | | 
lo | 0.25 | | 2.7 | OOF 1.0 | is 
i 14.4 0.15 ca 100 ml. Water drained to cage bottom 
2 | 0.35 15-3 1.0 2.8 | 3.6 
4 0.53 17-3 | 0-32 15 | 
0.69 ; | 18.4 0.36 16 | 19-7 664 
i : 18.7 6.3 
8 27.1 2.8 
19 | 3.8 
9 1.0 30.9 2.0 wean 
20 7-5 10.2 9.8 
| 10 32.0 | 2.7 | 


became cyanotic from the diminished O.. Although we 
hoped to exceed the 20-day maintenance experiment of 
Myers,'' we opened the system to room air. After 10 
min. the system was closed and an O, analysis showed 
improvement from 10.2 to 13.8 per cent. The mice 
were no longer cyanotic, became more active, and looked 
much happier. CO, was not measured. 

Two days later, even though the algae had grown to 
8.5 per cent by packed-cell volume, the O2 had decreased 
to 8.2 per cent, and CO: was the same value. This 
time the system was opened to room air for 20 min. 
Analyses were not done after closing. Two liters of 
harvest were removed the next day and replaced by 2 
liters of medium. The packed-cell volume after the 
harvesting was 4.2 percent. Next morning the female 
was dead in the bottom of the cage, the male on top of 
the food compartment was quite cyanotic, quiet but 
alive. Analysis of the air in the system showed 7.5 
per cent CO, and only 5.8 per cent Op. 

The system was opened to room air and the survivor 
recovered promptly. The mouse cage was opened and 
both mice removed, then closed up again. Gas analysis 
showed a CO, of 0.35 per cent and O of 19.8 per cent. 
Only cyanotic blood and passive congestion of the 
internal organs were noted on examination of the dead 
mouse. 

After 22 hours, fermentation in the mouse chamber 
had caused a rise of CO, to 1.5 per cent and a fall of O» 
to 16.4 per cent. Asa check on the performance of the 
algae, the mouse chamber was then cut out of the sys- 
tem and the air above the algae culture (approximately 
2 liters) was circulated through the culture. After 4 
hours CO, had decreased to 0.76 per cent and O, had 
risen to 2\).2 per cent. Once more the mouse chamber 
Was connected into the system for the week end. 
Monday morning CO» was 7.3 per cent, O» 5.0 per cent. 


Methane and ethane peaks were noted on the gas 
chromatogram. The mouse chamber was cut out, and 
after 3 days of recycling the CO, was down to 0.14 per 
cent, O2 up to 25 percent. From these experiments we 
concluded that the algae were active, but that the 
aerobic metabolism of bacteria and other microbiologi- 
cal organisms were the equivalent of more than the two 
mice in the system. 


Waste Utilization 


In separate bench experiments we have been able to 
grow algae in the presence of human urine when no 
other source of nitrogen is present in the medium. We 
have obtained no evidence of algal growth inhibition by 
repeated daily additions of urine when one volume of 
urine is added each day to 100 volumes of medium. 
The algae have slower growth and are not as healthy a 
green in one volume of urine to ten volumes of medium. 
We have grown algae in the presence of mouse feces 
with no production of odor and with slow decomposition 
of the feces, both with and without aeration. Quanti- 
tative studies, and the incorporation of N into the algae, 
are planned. The fact that lighted algae to supply the 
B.O.D. can hasten the decomposition of sewage® indi- 
cates the need for further studies of this intriguing 
possibility of further recycling for a closed system. 


Other Considerations 


A system such as ours would not work in the weight- 
less state, where differences in density would not sepa- 
rate gas from liquid. A device similar to the Sharples 
centrifuge could be used to create centrifugal force to 
collect algae for harvest at the periphery, and gas for 
return to the cabin centrally. Gafford, Richardson, 
and Dafni' have suggested the use of permeable mem- 
branes in the zero g state. (Continued on page 82) 
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Structures and Materials—Test Data Disclosed 


Rocket Motor Case Material Evaluation 
by Pressure Vessel Testing 


C. W. Haynes and P. J. Valdez, Solar Aircraft Company 


a the behavior of a material when in the 
form of a cylindrical pressure vessel is necessary for the 
design of solid-propellant rocket motor cases. For such 
an application, uniaxial tensile testing does not give 
reliable information on the probable bursting strength 
of the pressure vessel, especially at the higher strength 
levels where failure tends to be of a brittle nature. In 
other words, under the biaxial stress conditions found in 
a cylindrical pressure vessel, materials tend to fail 
differently than when loaded in simple tension, par- 
ticularly when they are unable to accommodate stress 
concentrations by deforming rather than fracturing. 

At the initiation of the program late in 1958, no test 
method was available that could be applied to a material 


to predict how it would react in a pressure vessel.” 
Although there has been considerable work on the © 


problem recently, as summarized by an ASTM com- 
mittee,! there is still a dearth of information correlating 
“fracture testing’ and pressure-vessel failure. 
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Fig. 1. Test setup. 
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A simple, inexpensive test to indicate the resistance 
of a material to crack propagation is desirable. Sucha 
test, of proved validity, could be extremely useful in 
classifying materials and determining optimum treat- 
ments and strength levels. For example, Kinnaman, 
et al.,? have shown that the charpy V-notch transition 
temperature for 17-7PH steel varies with type of 
hardening treatment and strength level, and that there 
is a correlation with pressure-vessel tests. Whether a 


The authors wish to acknowledge the contributions of many 
ef Solar Aircraft’s research and engineering personnel to this 
program. 

This work was performed for Thiokol Chemical Corp. under 
Contract AF 33(600)36514, Subcontract P.O. U-4425. 
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processes, and manufacturing variables. 
steel, with emphasis on the latter. 


In the development of large solid-propellant rocket motor cases, small-size pressure bottles were used to evaluate materials, 
Tests were performed on AMS 6434 and PH 15-7 Mo alloy steels, and H-11 
The optimum tempering range was determined, and the effects of such variables as 


weld mismatch, porosity, improper weld repairs, ground flush welds, and ovality were examined. 


It was found that consistent burst strengths could be expected for vessels heat treated in the range of 240,000 to 260,000 


psi maximum hoop stress. 


The results are discussed in terms of the intentional variables and such possible unintentional variables as minute 
cracks. Comparison of the test results with results of tests on flat tensile coupons processed with the pressure vessels shows 
that correlation ts obtained up to 265,000 psi ultimate tensile strength; above this level, scatter in burst strength is apparent 


similar correlation exists for other materials is not 
known. 

However good a material might appear in a simple 
test, its usefulness would be limited by its ability to be 
fabricated into the desired form, and by the effect of 
fabrication variables on its performance. The testing 
of small-size pressure vessels gives information on both 
the material and the fabrication techniques. 

A program was carried out on small-size cylindrical 
pressure vessels to evaluate material condition and some 
of the variables which might occur in fabrication. 
Tensile specimens of the material heat treated to the 
same condition as the pressure vessel were tested as a 
basis for comparison. 


Materials 


Three materials were tested in this investigation— 
5 per cent chromium air-hardening steel of the AISI 
H-11 type, AMS 6434 steel (a modified SAE 4340 type), 
and PH 15-7 Mo precipitation-hardening stainless 
steel. All were in the form of sheet. : 

Commercial heats of the nominal composition listed 
below were used in this test program. 


Test Vessels 


The test vessels were fabricated by standard manu- 
facturing procedures. Cylinders 6 in. in diameter and 
12 in. long were roll-formed and welded along the longi- 
tudinal seam. End closures of ellipsoidal configuration 
were deep drawn with a cylindrical section trimmed to 
3/4 in. length. A reinforcing disc was brazed on the 
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= 


HOOP STRESS AT BURST (ksi) 


- 


Es 


| 


| 
| 
| 
| 
| 
| 
| 


49 


HARDNESS 


Fig. 3. Material evaluation tests. 


Nominal Chemical Composition 
Si 


Mn 

.30 
.50 
.50 


AISI H-11 
AMS 6434 
PH15-7 Mo 0.07 0.02 


to 
ooo 


0.90 
0.30 
0.30 


Cr 

5.00 

0.75 
15.10 


Mo 

1.30 
0.35 
2:25 


December 1960 


0.50 
0 


V Ni 


20 1.80 a 
7.10 
Aerospace Engineering 31 


| 
| 
|. 
} 
AD 
° 
og 
o 
{ 
4 
1:1 RATIO 
j 
| T 
160 180 200 220 240 
|_| | | | 
. 
200 1 
| | 
4 


inside of one ellipsoidal end closure of each pair. The 
closure was subsequently drilled and tapped through 
the reinforcing disc to accommodate a pressurizing 
fitting. The end closures were then welded to the 
cylinder using fixtures to control distortion and mis- 
match. Welds were made in a single pass with an 
automatic, inert-gas-shielded arc welder. Filler wire 
was of the same composition as the parent metal. 

The H-11 steel vessels were hardened by air cooling 
from an austenitizing temperature of 1,850°F., then 


Table 1. Material Evaluation Tests 


VESSEL COUPON 
Volume Burst | , Yield® 
Serial Hardness Yield strength | UTS Strength Hardness’ | 
Material | No. R,) (ksi) (ksi) (ksi) (ksi) 
S él 201 208 «19 Lb 
62 43 210 199-192 ub 
é u7 221 219 204 L6 
us 230 22h 202 u7 
65 50 253 213 
66 48 217 218 50 
FH15-7Mo ul 202 213.207 Ly 
69 38 168 169-15 37 
70 170 193 187 42 
71 ul 174 187-173 
72 38 180 167, 37 
Hell 1 5u 226 265 5u 
2 5u.5 275 267.239 sh 
3 53.5 267 268 Su 
4 55 19 282 230 55.5 
6 51.5 277 276 52.5 
7 55 139 297-232 55 
8 56 132 283.235 55 
10 53 272 2720. 23k Su 
1 51 263 241 229 50 
12 50 258 25 222 50 
13 u7 243 232 20h ug 
14 47 229 202 48 
16 50 265 255 51 
} 1 u7 237 226 208 8 
18 22h 269 52 
9 48 236 232198 18 


Table 1 (Continued) 
| 


VESSEL COUPON 

| 

Volume Burst | Yield* 
Serial Hardness Yield Strength | UTS# Strength Hardness* 
Material No. (Re (ksi) (ksi) (ksi) (ks) (Re) 

Hell 28R 8 220 2k2 | 234 202 

29R 85 199 252 240 u8 

32R 209 23k 195 48.5 

33R 219 27 232 «199 48.5 

3uR u7 219 235 2h2 215 u8.5 

35R s 8.5 218 251 231 48 

3OR 250 269 263 22h 51 

37R U7 215 2h2 233 206 u8 

388 7.5 23 239 209 

LB 190 237 208 8.5 

LOR 207 229 2h0 18.5 

50 2h3 257 51 

uLR 50 237 260 258 219 50.5 

225 250 213 50.5 

L8R 28h, 255 226 50.5 

L9R 275 | 252 229 51 

52 255 tf 29 230 51 

sir 235 236 20k 48.5 


* Average of one parent metal and one weld coupon. 


t Burst tested at 350F. 


Aerospace Engineering © December 1960 


double tempered at a temperature necessary to give the 
desired strength level. 

The AMS 6434 vessels were austenitized at 1,575°F. 
and oil quenched, then tempered to the desired strength 
level. 

Heat treatment of the PH 15-7 Mo stainless steel 
vessels consisted of the standard ‘“‘TH”’ treatment with 
the precipitation-hardening temperature being 1,()()0°, 
1,050°, or 1,100°F. to obtain three typical strength 
levels. 

The AMS 6434, PH 15-7 Mo, and some of the H-1] 
vessels were made with no intentional defects. To 
evaluate some of the fabrication variables, a series of 
H-11 vessels were made with intentional weld mismatch, 
excessive weld penetration, and simulated weld repairs. 

Test vessels for the evaluation of the effect of weld 
mismatch were produced by shimming the joint in the 
weld fixture to obtain the desired offset. Excessive 
penetration was obtained, when desired, by welding 
with a higher than normal current. No actual weld 
repairs were made of defects found in the test vessels 
since it was desired to evaluate the effects of such de- 
fects, but simulated weld repairs were made by grinding 
out a groove 2 to 3 in. long in the weld and filling the 
groove by manual-shielded arc welding. A number of 
vessels made with no intentional defects had either the 
longitudinal or the first circumferential weld ground 
flush with the parent metal both inside and out. 


Test Procedure 


All test vessels were pressurized to burst by a positive 
displacement pump with water as a medium, except for 
two elevated temperature tests in which oil was used. 
Pressure in each case was measured on duplicate gages 
calibrated to an accuracy of 1/4 per cent of the indi- 
cated reading. Pressurization was at a rate of 1,000 to 
1,200 psi per min., except in those cases where strain- 
gage instrumentation was used. 

Volume yield was measured on 19 H-11 vessels having 
no intentional defects. To measure volume yield, the 
vessel was suspended for testing by its pressurization 
fitting in a chamber completely filled with water. _Dis- 
placement of water from the test chamber was measured 
in a burette as the vessel was pressurized. Volume 
yield pressure was determined from a plot of pressure 
versus volume of water displaced for an offset (perma- 
nent increase in volume) of 0.2 per cent. The test 
setup is illustrated in Fig. 1. 

Two vessels of H-11 steel were tested at a tempera- 
ture of 350°F. These were filled with oil and suspended 
in anoilbath. After heating and stabilizing at 350°F., 
as measured by a thermocouple attached to the vessel, 
the vessels were pressurized to burst. 

Photographs of the failed vessels were taken and 
failure analyses made to determine origin of failure, 
cause of failure, crack propagation characteristics, 
hardness of the test vessel, and other pertinent data. 

Specimens for room temperature tensile testing were 
made from coupons of parent metal heat treated with 
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the vessels. Coupons were also cut from butt-welded 
strips of the parent H-11 steel with the weld perpendicu- 
lar to the axis of the coupons. These accompanied 
some of the vessels through heat treatment and were 
tested with the parent metal specimens. Rockwell 
hardness of each tensile specimen was determined. 

Three vessels having mismatch at the longitudinal 
weld and one each with excessive penetration, simulated 
weld repair, and flush-grinding at a circumferential 
weld were instrumented with strain gages and recorders. 
The gages had a 1/8 in. gage length and were spaced at 
0.3 in. intervals from the weld. Reference gages were 
placed on the cylindrical section away from all welds. 


Table 2. Fabrication Evaluation H-11 Steel 
VESSEL | COUPON 
7 
| Burst | Yield 

Intenticnal Serial Hardness Strength | UTS Strength Hardness 
Variable Noe Ry (ksi) | (ksi) (ksi) (Rg) 
Circumfer- | 
ential Mis- 
match - 10%! 22 5L.5 ll 260 217 51.5 

22 51 189 233 197 ug 

23 51 240 258 207 51 

24 51 278 243 200 
Circumfer= 
ential Mis- 
match - 26 52 231 190 Sl 

28 5 23 237 198 51 
Circumfer= 
ential “is-| 
match = 30% 30 55 198 22 205 51 

31 Lg 233 257 216 51 
Longitudinal 
Misratch-10%, 33 LOS 20h 255 227 51 

3h 50.5 270 222 52 

3€ 53 282 4 213 52 
Longitudinal | 
Mismatch-20%| 37 52 219 23€ 199 51 

38 50 18), 240 209 51 | 

39 5 248 258 223 51 

LO 50.5 259 256 22h 51 
Longitudinal 
9% 
Mismatch - 30% ml 51 20h 275 232 52 

L2 50 225 223 187 51 

43 5 243 2h3 205 51 

ub u9.5 235 263 229 51 
Circumfer- 
ential “elds 
Grovnd Flush 5 51 270 262 231 51 

50 27 255 52 

261 259 223 51 | 

Table 2 (Continued) 

VESSEL COUPON | 
Burst Yield 
sntentional Serial Hardness Strength UTS Strength Hardness 
Variable No. (ksi) (ksi) (ksi) 
Excessive 
Penetration 5 52 161 25 218 

5u ug 174 247 213 50 
55 ug 139 242 212 51 
56 50 136 252 215 50 

Weld 
Repairs 58 50 210 256 = 229 51 
59 ug 235 253 223 52 
bb ns 60 50 150 | 256 223 51 


Table 3. Defective Vessels H-11 Steel 


f 
| VESSEL COU PON 
Burst Yield 

No. (Ry) 
30R 202 227% 199% L7.5* 
U3R 50 212 260% Sle 
LSR 51 162 253% 2220 
SOR 5305 229 262% 228% Sle 
25 52 195 204 
27 51 214 256 238 52 
29 50 20 227 51 
32 | 52 20 252 2is 50.5 
35 51 21h 225185 51 
38 50.5 18h 240 209 51.5 
48 52 185 232 201 505 
lg 51 187 260 =. 230 51.5 

| 50 50 180 251 225 51 

| $2 52 223 256 = 2s 50.5 

| 57 52 162 252 23k 52 


wAverage of one parent metal and one weld coupon. 


Results and Discussion 


The vessels tested are divided into three categories— 
(1) those with no intentional defects (material evalua- 
ation), (2) those with variables intentionally included in 
the fabrication (fabrication evaluation) and, (3) those 
with nonintentional variables. 

The test results of the vessels are listed in Tables 1-3, 
together with the results of tests made on coupons 
treated with the vessels. Burst strength was calculated 
from the observed pressure at burst, the measured wall 
thickness of the vessel, and the nominal diameter, since 
ovality was always present after heat treatment. 


Material Evaluation 


The burst strength of those vessels in the material 
evaluation series is plotted in Fig. 2 against the ultimate 
strength of the test coupons heat treated with the vessel. 
Data for 6 AMS 6434, 5 PH15-7 Mo, and 34 H-11 
vessels are included. A line representing a 1 to 1 ratio 
is shown for reference. 

Considerable scatter is exhibited by the PH15-7 Mo 
vessels. The results are similar to those obtained by 
Kinnaman, et al.,? for a similar alloy, 17-7PH. In this 
test, vessels of 17-7PH processed to strength levels 
above about 17,000 psi by the ‘‘TH” treatment failed 
erratically, and a transition from ductile, ripping 
failures to brittle, shattering failures occurred. The 
PH15-7 Mo vessels failed adjacent to the longitudinal 
weld similar to Fig. 7, except the highest strength vessel 
had a more brittle fracture. 

The AMS 6434 results are quite regular, with the 
exception of one test vessel. Slightly lower hardness of 
the vessel in question compared to the tensile coupons 
processed with it would account for only part of the 
discrepancy. No apparent defects were found. All 
failures were similar to Fig. 7. 
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VESSEL HARDNESS 


Fig. 4. Biaxial strengthening. 


At a strength level of about 260,000 psi the burst 
strengths of the H-11 vessels begin to become erratic. 
Burst strengths which would be anticipated on the 
basis of tensile strength were observed in some vessels 
in the 260,000 to 275,000 psi tensile strength range, 
while others failed at subnormal values. Above 
280,000 psi the burst strengths were all much below the 
coupon tensile strength. 


Fig. 3 shows the test results for the H-11 vessels with 
the burst strength plotted against the vessel hardness. 
Again, failure is regular up to a hardness level of about 
52.5 Rockwell C. 

W. E. Cooper? has calculated that biaxial strengthen- 
ing may occur (up to 15 per cent) in cylindrical pressure 
vessels, depending on the strain hardening coefficient 
of the material. This biaxial strengthening results in a 
ratio of burst strength to tensile strength greater than 
unity. The ratio of the burst strength of the H-11 
vessels to the ultimate tensile strength of the coupons 
processed with the vessels is plotted in Fig. +. Biaxial 
strengthening is apparent, with an average amount of 
about 3 per cent. The ratio of volume yield to tensile 
yield is also shown in Fig. 4 and a biaxial strengthening 
effect is again observed, in this case approximately 5 
per cent. The validity of determining a volume yield 
strength at an arbitrary value of 0.2 per cent increase in 
volume might be questioned. However, the volume 
yield strength determined in this manner is considered 
to be conservative, since an increase of volume of ().2 
per cent should result from approximately 0.1 per cent 
increase in diameter—i.e., at a hoop stress somewhat 
less than the yield strength at 0.2 per cent offset. 

Two H-11 vessels were tested to burst at 350°F. 
The burst strengths were about 4 per cent lower than 
the average strength at room temperature for their 
hardness. Tensile tests of H-11 with a hardness of 
R, 52 gave a tensile strength of 275,000 psi at room 
temperature and 258,000 psi at 350°F., a decrease of 
about 6 per cent. Thus, there is good correlation be- 
tween the decrease in burst strength and the decrease in 
tensile strength at 350°F. 
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Fabrication Evaluation 


The effects of weld mismatch, excessive weld pene- 
tration, and grinding flush of a weld bead were exam- 
ined. Of 17 valid tests of vessels fabricated with inis- 
match of longitudinal or circumferential joint, only four 
resulted in failure at or through the joint containing 
the mismatch. It is reasonable to assume that the 
four failures were affected by the stress pattern at the 
joint. It is probable also that certain of the other 13 
failures were influenced by the presence of the mis- 
matched joint as shown by their proximity to it. 
Failures in the remainder of the group could not be 
attributed to weld mismatch because they occurred far 
from the mismatched joint. Failure away from the 
joint was considered to be a valid test of the joint if the 
burst strength was at a level commensurate with vessel 
hardness. 

Fig. 5 indicates the results of weld mismatch tests. 
One of the effects of mismatch appears to be to increase 
the probability of a lower than anticipated burst 
strength—that is, a decrease in the reliability of the 
vessel. There is no direct relation between the magni- 
tude of mismatch and the effect on burst strength in the 
range tested. The magnitude of mismatch should 
have a larger effect at higher hardnesses. 
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Fig. 5. Effect of mismatch. 
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Fig. 6. Effect of weld variables. 
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Strain-gage readings were obtained from two vessels 
that had longitudinal joint mismatch of 10 and 20 per 
cent. The effect of the eccentric loading extends more 
than an inch on each side of the joint and appears as a 
widely fluctuating hoop stress. Longitudinal stress 
near the joint was not appreciably affected by the mis- 
match. Localized yielding in the circumferential di- 
rection was evident at a pressure somewhat lower than 
that corresponding to the yield strengthof the mate- 
rial. Such yielding is, of course, necessary if a vessel 
with weld mismatch or other discontinuity is to ac- 
commodate the abnormally high stress associated with 
the discontinuity. 

Excessive penetration was intentionally caused in the 
welds of four vessels. On burst testing, failure initiated 
at the defective weld area in all four with burst strengths 
40) to 50 per cent lower than the value indicated by 
their hardness. Three ‘‘weld-repair’’ vessels also 
failed at lower than normal strengths. The simulated 
weld repairs were of a normally unacceptable quality, 
having an excessively large bead. They are, therefore, 
somewhat similar to the excessive penetration cases, 
though not so severe. Results are shown in Fig. 6. 

Strain-gage instrumentation was used on one vessel 
in an area where excessive penetration was present in 


Fig. 7. Fractured H-11 vessel; ductile. 


Fig. 8. 


Fractured H-11 vessel; ductile. 


Fig. 9. Fractured H-11 vessel; brittle. 


the circumferential weld, and on one vessel in an area 
adjacent to a simulated weld repair in the circumferen- 
tial weld. Stress patterns were similar for both hoop 
and meridional stress; peak stresses occurred near the 
weld. Maximum hoop stress was as much as 60 per 
cent higher than nominal, while meridional stress peak 
was over 100 per cent above nominal in the vessel with 
excessive penetration. 

Three vessels having the first circumferential weld 
ground flush inside and out were tested. Results are 
shown in Fig. 6. None of the three failures originated 
at or near the ground-flush weld. Grinding welds 
flush does not appear to be detrimental, and, in view of 
the results obtained in tests of vessels having excessive 
penetration or large weld repair beads, a definite im- 
provement would be probable in those cases. 

Strain-gage instrumentation of one of the vessels 
having a ground-flush weld showed a hoop stress about 
10 per cent higher than the nominal value. 


Nonintentional Defects 


As would be expected in a program as large as this 
one, some of the vessels were fabricated with defects 
that were nonintentional. These were of two types, 
those that could and those that could not be detected. 
The latter occurred on the inside of the second girth 
weld and could not be detected before testing because of 
inaccessibility, but were apparent in the vessel after 
test. Defects other than those occurring on the inside 
of the second girth weld were detected by inspection at 
some stage in fabrication, and many could have been 
repaired. However, it was believed more information 
could be obtained by testing the defective vessels and 
observing the results of the defects. 

Fifteen vessels having nonintentional defects were 
tested. All failed at substantially lower burst strengths 
than would be anticipated from their hardness or the 
strength of the coupons heat treated with them. Re- 
sults are listed in Table 3. Of this group, four vessels 
had a defect associated with the brazed reinforcing disc 
carrying the pressurization fitting. Two vessels were 
found to have excessive decarburization which sub- 
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stantially weakened the material. The remaining nine 
had some type of weld defect. 

Three of the defective vessel failures were initiated 
by weld cracks that normally could have been repaired. 
Serial number 25 (hardness R, 52) failed at about 7\) 
per cent of expected strength, and serial 27 (R, 51) 
failed at about SO per cent. Both cracks were at the 
junction of the longitudinal weld and second circum- 
ferential weld. Serial 57 (R, 52) failed at about 55 per 
cent of expected strength because of a crack in a simu- 
lated weld repair. These three instances point out the 
serious consequences of the presence of small cracks in 
an area where stress concentration exists. 

It might be presumed that in a 6-in. diameter vessel 
with a 0.050-in. wall it would be necessary to control 
ovality of the cross section carefully. Ovality was 
measured in nearly all vessels (including the 6 AMS 
6434 and the 5 PH15-7 Mo) before testing and was 
found to vary between 0.030 and 0.158 in. No cor- 
relation was observed between the amount of ovality 
and the burst strength. 


Failure Location 


The majority of failures originated at some point in or 
adjacent to the longitudinal weld, especially in those 
vessels with hardnesses lower than Rockwell C 53. A 
typical failure of this type is illustrated in Fig. 7. 
Paradoxically, in the vessels with longitudinal weld 
mismatch, only two of ten failures were along the weld. 

In a few instances, the longitudinal ripping occurred 
some distance from the weld (Fig. 8). Usually, the 
vessel remained in one piece when the failure was of the 
ripping type, although in some cases the fracture veered 
away from the longitudinal path to go in a more or less 
circumferential direction, resulting in separation into 
two pieces. A second kind of failure is typified by 
fracture into a large number of irregular pieces (Fig. 9). 

An attempt was made to correlate the deviation of 
the burst strength from the expected value with the 
weld porosity. Both maximum size porosity image and 
maximum number of images per inch of weld length 
(from radiographs of the welds) were determined for 
17 vessels of the material evaluation series which failed 
at the longitudinal weld. Neither size nor intensity of 
porosity could be correlated with deviation of burst 
strength. Within the size and intensity range found in 
these 17 vessels, porosity apparently has a minor 
effect. 


Conclusions 


(1) Pressure vessel tests indicate that H-11 alloy 
steel can be used with good reliability when heat treated 
to give up to 260,000 psi maximum hoop stress. 

(2) Above 260,000 psi ultimate strength (or a hard- 
ness R, 52.5), the H-11 vessel burst behavior becomes 
erratic. 

(3) PH15-7 Mo vessels fail erratically when they are 
given the ‘““TH”’ treatment to strengths above 185,000 
psi. 
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(4) AMS 6434 appears usable to a strength of 22° 000 
psi and perhaps considerably higher. 

The results of this investigation have been used as a 
guide in the manufacture of subscale and full-size solid 
propellant rocket motor cases. They also have led to 
improvements in manufacturing techniques, such «s an 
oscillation welding method which produces a weld with 
essentially no build-up. 


References 


' Fracture Testing of High-Strength Sheet Materials: A Report 
of a Special ASTM Committee, ASTM Bulletin No. 243, pp. 
29-40, Jan., 1960; and No. 244, pp. 18-28, Feb., 1960. 

* Kinnaman, E. B., Jacobsen, R. E., and Tiffany, C. F., An 
Approach to the Practical Design of Reliable, Light Weight, High 
Strength Pressure Vessels, IAS Paper No. 59-109, New York, 
1959. 

3 Cooper, W. E., The Significance of the Tensile Test to Pressure 
Vessel Design, The Welding Journal, Research Supplement, Vol, 
36, No. 1, Jan., 1957. 


+ + 


Planetary Atmospheres (Continued from page 11) 


gases) above the planetary surface can be inferred from 
the amount of light scattering caused by them, and 
observed in the form of /imb darkening which causes the 
apparent brightness of a planetary disc to diminish 
toward its edge. The measurable amount of this 
darkening can be related to the absorbing or scattering 
properties of the constituent gas or solid particles by 
means of a well-developed theory of radiative transfer. 
It varies, in general, with the effective wavelength of 
observation and may also give rise to detectable polari- 
zation phenomena. 


Venus 


What have astronomers, armed with all these meth- 
ods, found out so far about the chemical composition 
and physical structure of the atmosphere of nearby 
planets? Let us first consider what we know of Venus, 
the nearest interior planet, which can also be regarded 
as Earth’s twin sister in all respects but one for its 
greater chastity (or cosmic age) has induced Venus to 
conceal its surface from us behind a nearly impenetrable 
white veil of clouds (though not white enough for 
protagonists of the view that these are—as on Earth— 
condensations of water vapor’). The optical depth of 
these clouds appears to fluctuate somewhat in place and 
time® but is sufficient to prevent us permanently from 
seeing any part of the solid surface beneath. All that 
we can say directly of the Cytherean atmosphere refers, 
therefore, to those layers of it which are above the 
clouds. 

The first chemical constituent of this atmosphere to 
be recognized by its absorption spectrum was carbon 
dioxide, an identification due to Adams and Dunham.‘ 
Its infrared bands at Ad 7,820, 7,883, and 8,689 A are, 
indeed, intense enough to be indicative of the meail 
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AIRESEARCH 400 cycle ac 
Freon ground air conditioners 
are the most reliable and 
compact systems produced 
for ground cooling 
applications. They are easily 
transportable by helicopter 
Trailer mounted he 
refrigeration unit, 5 tons capacity ocation. 
The compact, fully automatic 
unit shown at left, for 
example, measures 5x5x2 ft, 
weighs only 550 lb and 
provides 7/4 to 10 tons of 
cooling on a 125°F day. 
It also provides 90,000 Btu 
per hour heating. 
The heart of the system is a 
simple centrifugal Freon 
compressor which has only 
one moving part. 
A hermetically sealed unit, 
it operates virtually without 
vibration and is unaffected 
by either attitude or oil level. 
Essentially the same 
AiResearch air conditioning 
system used in today’s jet 
airliners, these lightweight 
units have more than 
500,000 hours of proven 
dependability. 
Built to withstand rough 
handling in the field and 
operate dependably 
Helicopter transportable hut under the most severe weather 
refrigeration unit, © conditions, rugged air 
1' tons capacity y conditioners of this same 
basic design are available, or 
can be built to provide 
from fractional tonnage up to 
any capacity of ground 
cooling desired. 
¢ A brochure describing 
AiResearch ground air 
conditioning systems may be 
obtained by writing to 
nflatable shelter refrigeration Envi ic 
unit, 7Y% tons capacity nvironmental Contro 
(unit shown above) _ 1k Project, Los Angeles Division. 
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amount of free CO, above the cloud layer of the order of 
1,000 meters at our atmospheric pressure.° 

Until 1954, CO. remained the only known specific 
molecule present in the Cytherean atmosphere. In 
that year, Kozyrev® reported the discovery of many 
molecular bands in the spectrum of the night hemi- 
sphere of Venus, identified with the Vegard-Kaplan 
bands of Ne and some additional bands of N.+ (the 
evidence for the latter being particularly convincing). 
Urey and Brewer’ pointed out that Kozyrev’s absorp- 
tion bands at 4,120 and 4,372 A are probably due to 
CO* (though Kuiper® reports a virtual spectroscopic 
absence of neutral CO) and that, in the absence of free 
oxygen (of which no trace has been found so far), other 
molecules such as CN, CH (Kuiper®), CH*, OH, and 
OH* may also be present. On the other hand, no trace 
has so far been found of CHy, N2O, NH3, or the molecu- 
lar hydrogen—as is perhaps to be expected in the pres- 
ence of large amounts of carbon dioxide (indicating that 
the conditions on Venus must have progressed fairly far 
toward oxidization). 

The measurements of limb-darkening and twilight 
phenomena on Venus indicate that the total amount of 
gas about its surface must add up to a total air pressure 
of 2-4 atmospheres—certainly more than on Earth. 
Of this, carbon dioxide probably forms only a small 
part (though proportionately much greater than in the 
terrestrial air). The bulk of the Cytherean atmos- 
phere—by elimination of alternative hypotheses—can 
(as on Earth) consist of scarcely anything else than 
molecular nitrogen, which does not exhibit any ab- 
sorption in the accessible part of the spectrum of the 
bright hemisphere of Venus. 

This is, in brief, almost all that astronomers have 
been able to deduce from their photometric as well as 
spectroscopic observations concerning the atmosphere 
of Venus. Such observations can, to be sure, furnish 
only a one-sided picture to a planetary meteorologist 
since, in order to complete it, we must attempt to 
ascertain, by independent measurement, the tempera- 
tures at which the atmospheric gas is maintained by the 
incident solar radiation. Two distinct pieces of obser- 
vational evidence are available to us in this connection, 
each referring to a very different height. The radio- 
metric measurements by Pettit and Nicholson’ of the 
infrared thermal emission (at wavelengths between 8 
and 14) of Venus led to a mean temperature of — 37°C. 
for its dark side above the layer of clouds, and to 
— 42°C. for its bright side—in close agreement with the 
mean value of —40°C. established subsequently by 
Strong and Sinton! for both the dark and the sunlit 
hemispheres. On the other thermal radio-emission at 
the wavelength of 3.15 cm. (which penetrates the cloud 
layer), as measured by Mayer, Sloanaker, and McCul- 
lough,’? indicated a mean temperature of some +80°C. 
for the solid (invisible) surface of Venus, in fair agree- 
ment with the expectations based on this planet’s 
closer proximity to the Sun. 

In order to reconcile these figures, it is necessary to 
keep in mind that the upper limit of the cloud layer is 
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probably located, on the average, at some 30-40 kin. 
above the planet’s surface, and that the temperature of 
—40°C. attained there corresponds to the temperature 
minimum of —50°C. located at equal altitude in 
the terrestrial atmosphere. Above this level, the 
Cytherean atmospheric temperature increases probably 
for the same reasons as it does above Earth; at least 
the bands at dA 4,372 and 4,120 A (if due to CO*) in 
the night-sky spectrum of Venus would be indicative of 
high-atmospheric temperatures of the order of several 
hundred degrees.* A more exact determination of the 
lapse rate is, unfortunately, made difficult by its sensi- 
tivity to small amounts of certain molecules whose 
presence dominates the heat transfer and whose per- 
centual content defies spectroscopic determination. 

This is particularly true of the water vapor. Its 
presence on Venus in crystalline form seems to be at- 
tested by the observed optical properties of the clouds,* 
and the absence of the absorption bands of water vapor 
above the layer of clouds is only to be expected at 
temperatures of —40°C. Under these conditions, the 
high atmosphere of Venus must indeed be very dry, and, 
taking into account its probable molecular weight as 
well as temperature, we may expect that the velocity of 
sound at heights where the dimensions of space probes 
entering the Cytherean atmosphere become com- 
parable with the mean free path of its constituent gas 
should be very close to 307 m./sec. The height at 
which the free molecule flow past a space probe will 
change over into continuous fluid flow should, moreover, 
be well above the visible layer of clouds. 

The rate of axial rotation of the planet enters only 
indirectly into the Cytherean meteorology by affecting 
the equations of hydrostatic equilibrium of the atmos- 
phere through centrifugalforce. This force should, how- 
ever, be almost negligible in comparison with the grav- 
ity. The exact duration of the day on Venus is, to be 
sure, stillunknown. The absence of any visible surface 
markings makes it necessary to resort to spectroscopic 
tests (such as the measurement of Doppler displace- 
ments between the equation and the poles), and all 
such measurements made so far'®—® are inconclusive 
even as to whether the rotation is direct or retrograde; 
but it seems certain from the lack of more pronounced 
displacements that the length of the day on Venus can- 
not be shorter than 2-3 weeks of our terrestrial time. 
This might seem to be at variance with radiometric 
measurements indicating a near-equality between the 
mean upper-atmospheric temperatures of the bright 
and dark hemispheres of the planet, but further theoreti- 
cal work will be necessary to establish whether or not 
this is actually the case. 

Finally, there is one more question of potentially 
great interest to astronauts as well as those responsible 
for instrumentation of inanimate space probes that are 
to approach, or actually land on, Venus: Does this 
planet possess an appreciable magnetic moment, capable 


* Cf., however, the latest observations by Richardson (Astron. 
Journ., Vol. 65, p. 56, 1960) disputing the presence of these bands 
in the spectrum, 
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mecring and manutacturing AMF has ingenuity you can use... 


He’s got Minutemen 
“working on 
the railroad’ 


Hard basing is one way to protect 
America’s force of retaliatory 
ICBM’s. The problem was to find an 
alternate means of accomplishing 
the same mission. The Air Force 
solution was a new ICBM mobility 
concept—railroad car-mounted Min- 
utemen, utilizing the nation’s vast 
track mileage for numerical and 
geographical dispersion, creating a 
difficult target for enemy attack. 


To put the Minuteman, its support’ 
systems and associated equipment 
on rails was a completely new prob- 
lem in missile handling. The first 
requirement assigned by Boeing to 
American Machine & Foundry Com- 
pany and ACF Industries, Inc., was} 
a feasibility study of the existing 
limitations of roadbeds, rails, rail- 
road operations and right-of-way. 
Unique tactical cars are being de- 
signed within these limitations to 
carry the Minuteman—cars that can 
handle the missile and its operating 
equipment, safely isolated from 
roadbed shock and ready for immedi- 
ate retaliatory launching. 


Single Command Concept 


Whether for conceptual problems 
such as this one, or for challenges in 
design or manufacturing, AMF has 
ingenuity you can use. AMF people 
are organized in a single operational 
unit offering a wide range of engi- 
neering and production capability. 
Its purpose—to accept assignments 
at any stage from concept through 
development, to production, and 
service training...and to complete: 
them faster in 
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of trapping a part of the solar wind—..e., the bursts of 
charged particles emitted intermittently by the Sun in 
all directions—and imprisoning it, temporarily, in 
Van Allen belts of itsown? If so, additional and rather 
stringent conditions would obviously further restrict 
the entry corridors into the Cytherean atmosphere, in 
which the recording instruments would not be hopelessly 
jammed and living beings exposed to lethal doses of 
X-rays or corpuscular radiation. 

Since Venus neither possesses a natural satellite nor 
exhibits any measurable flattening at the poles, all 
means of probing its internal structure from detailed 
properties of its external gravitational field are thus 
totally lacking. However, its mean density of 4.85 
gm./cm.* indicates that, like Earth, Venus probably 
possesses a heavy internal core of comparable fractional 
dimensions; if so, the magnetic field may be generated in 
it by essentially the same processes as in our own planet. 
The only empirical test of the actual existence of such a 
field was so far undertaken by Houtgast'* and consisted 
of trying to detect the deflection of the charged particles 
of solar origin traveling past Venus at its inferior con- 
junctions in the direction of Earth. An exhaustive 
discussion of the available data convinced Houtgast 
that Venus is indeed surrounded by a magnetic field 
of surface strength of the order of 1-2 gauss. The 
uncertainty of this result is such, however, as to hold its 
significance as yet somewhat in doubt, and underlines 
the need for further observations to clarify this im- 
portant issue. 


Mars 


Turning out attention next to Mars, we find our- 
selves at once in very different surroundings. The 
diameter of 6,626 km. renders this planet only about 
half as large as Venus or Earth, and its mass is but 10.8 
per cent of that of Earth. As a result, the mean gravi- 
tational acceleration on the surface of Mars amounts 
to only 372 cm./sec.”, as compared with 918 cm./sec.? 
on Earth, and this disparity is bound to exert an im- 
portant effect on the hydrostatic structure of their 
respective atmospheres. The mean density of the 
Martian globe comes to 3.9 gm./cm.* (as compared with 
5.5 gm./em.* for Earth); although both the extent of 
polar flattening (the Martian day is but 39.5 min. longer 
than our own) and the nodal regression as well as apsidal 
advance of its satellite orbits indicate an appreciable 
degree of central condensation (though both methods 
do not lead to exactly concordant results), the presence 
of any but a very small heavy core inside Mars seems to 
be ruled out by the available evidence.” This makes it 
probable that the magnetic field of this planet—if any 
is weak and will not succeed in surrounding it with a 
Van Allen belt of charged-particle density to which 
astronauts would have to pay much attention. 

The reduced gravitational acceleration, as well as 
low values for the escape velocity of any gas from the 
surface of Mars, leads us to expect that the density of 
the Martian atmosphere should be much less than that 
on Venus or on Earth, and the observations bear this 
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out beyond a shadow of doubt. Unlike Venus, the 
atmosphere on Mars is highly transparent in most 
optical frequencies and permits us to see the actual 
surface of the planet beneath. The presence of a gaseous 
envelope around it is, however, evidenced by several 
independent facts. The distribution of brightness over 
the apparent disc of the planet is not uniform, but 
diminishes from center to limb (the more so, the shorter 
the wavelength) and, in addition, is found to be partly 
polarized. These phenomena find their natural ex- 
planation in terms of the scattering of light on gas 
molecules, and the measured amounts of limb-darkening 
and polarization led Dollfus'* to the conclusion that 
the total ground pressure in the Martian atmosphere 
must be close to 85 mb. (as compared with the 1,()13 
mb. on Earth) corresponding to 232 gm./cm.*— the 
total mass of this atmosphere being between 2 and 2.5 
per cent of that of our own. 

What does the Martian atmosphere consist of? 
The spectrograph, ordinarily our most direct source of 
such information, has so far revealed but little in- 
formation. The only specific constituent of Martian 
air which has to date been positively identified is again 
carbon dioxide, which revealed its presence to Kuiper!’ 
by its infrared vibration-rotation bands at 1.50 and 
1.6lu. The measured intensity of these bands indicates 
that the amount of free CO. in the Martian atmosphere 
gives rise to a partial pressure of 1.5 mb. on ground— 
i.e., about 13 times as large as on Earth.” 

No trace of oxygen or water vapor has so far been 
established spectroscopically on Mars, and the negative 
outcome of their search led Adams and Dunham‘ to 
conclude that the total amount of free oxygen must be 
less than 0.14 per cent by volume of its terrestrial 
amount, with the upper limit for the water vapor 
approximately the same. This latter limit is, in- 
cidentally, consistent with the existence and seasonal 
melting of the Martian polar caps, whose reflection 
spectra,!® as well as polarization properties,'* leave no 
room for doubt that we are dealing with hoarfrost. 
The partial pressure of water vapor in Martian at- 
mosphere, arising from this source, should be in the 
neighborhood of 2.6 mb. (corresponding to 0.0042 gm./ 
em.*). This is not sufficient to produce a selective 
absorption which could be separated from the terrestrial 
lines, but enough to produce a detectable haze. 

The composition of the remaining gas—i.e., the bulk 
of the Martian atmosphere—is not known directly, 
cut can be inferred without too much risk. It must bea 
gas which is neither too light (to escape from the 
gtavitational field of the planet) nor too heavy (for 
these are again cosmically very scarce), and, in addition, 
it should not exhibit any appreciable absorption in the 
accessible part of the spectrum. By elimination of 
existing possibilities, we are led almost without any 
margin of doubt to conclude that the principal con- 
stituent of the Martian atmosphere must be—as on 
Earth—molecular nitrogen, with a possible small 
admixture of inert gases. Unlike Venus, nitrogen on 
Mars cannot be expected to reveal its presence in the 
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With its tremendous thrust, Zeus can intercept attacking 


missiles far from the area it defends 


Zeus is designed for a hit every time on 
supersonic bulls-eyes! 


At best, an anti-missile defense will 
have only a few minutes to react 
-..and no “second barrel’’ to fire at 
its supersonic target. 

Nike Zeus needs none. Tests of 
this new anti-missile missile show 
that it will attack enemy ICBM’s 
with 100% accuracy at a distant 
interception point. There its nuclear 
warhead will be detonated to blanket 


the approaching ICBM with an 
explosive curtain. 

The newest member of the famous 
Douglas Nike family, Zeus was de- 
veloped in a joint Western Electric, 
Bell Telephone, Douglas Aircraft 
project. Its design combines the 
most successful lessons learned from 
Ajax and Hercules— Nike Zeus 
predecessors that are on duty around 
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many important U.S. cities and 
industrial centers and with NATO 
forces overseas. 
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Behind the thundering performance of Rocketdyne’s en- 
gines, a significant reduction in the cost of power for Amer- 
ica’s missiles has been quietly achieved. Today, Rocketdyne 
engineering skill and efficient production methods make it 
possible to power two missiles for the cost of one in 1957. 

Rocketdyne, the pioneer in rocket science, was first with 
power for America’s long range ballistic missiles—first with 
power for outer space. In establishing this technological lead- 
ership, Rocketdyne developed new management concepts at 
every level of operation. from early design through final test- 
ing. The result is outstanding technical achievement at the 
lowest possible cost. 

In data processing alone, advanced techniques are saving 
engineers hundreds of hours of experimentation and testing 
and have contributed to a 37 percent reduction in Atlas 
engine costs for the Air Force. An intracompany communica- 
tions network links test stands and research laboratories in 
Missouri, Texas and California; gives management the daily 
status of every program—whether it’s on schedule, what parts 
are in short supply, how the production line is performing. 

Through research, engineering, and management, 
Rocketdyne is constantly at work not only to increase thrust 
performance and develop new propulsion techniques, but at 
the same time to reduce costs all along the line. 


25 of America’s 28 successful satellites and space probes have been 


launched by Rocketdyne engines. 


FIRST WITH POWER FOR OUTER SPACE 


ROCKETDYNE re 


DIVISION OF NORTH AMERICAN AVIATION 


Canoga Park, California; Neosho, Missouri; McGregor, Texas 
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spectrum of its night hemisphere which remains 
almost completely averted from the observer. Indeed, 
we cannot be far from the truth if we assume that the 
Martian air consists of about 98 per cent nitrogen, 
1.2 per cent argon (mainly radiogenic) or other inert 
gases, and 0.66 per cent CO,—all other gases con- 
stituting the balance; its mean molecular weight 
should be close to 28.3. The principal difference 
between the chemical composition of the terrestrial 
and Martian atmospheres would seem to be a nearly 
complete absence of oxygen on Mars and its replace- 
ment by nitrogen; but any discussion of the cos- 
mogonical significance of this fact would be wholly 
outside the scope of this paper. 

How is this Martian atmosphere likely to be stratified 
with height? In order to answer this question and to 
solve the problem of its hydrostatic equilibrium, we 
must ascertain first the ‘boundary conditions’’ in the 
form of the temperatures prevailing on the surface. 
Extensive radiometric measurements by several inves- 
tigators!.*!~*8 have shown that, at sunrise, the Martian 
temperatures are well below the freezing point of water 
at all latitudes, and temperatures as low as —60° or 
—70°C. have been recorded in the polar regions. 
During the day, these temperatures rise considerably 
and may attain as much as +30°C. at the subsolar 
point, climbing above 0°C. even at the poles. A 
traveler arriving from Earth would no doubt find it 
a rigorous “‘continental’’ climate but, if he were to 
come from Siberia, not wholly out of the range of his 
terrestrial experience. 

These variations in ground temperature will, to be 
sure, be quickly damped aloft and actually reversed at 
the convective layer, which must be cooler in the tropics 
and warmer at high latitudes. The actual height of the 
Martian tropopause depends quite critically on the 
relative proportion of the atmospheric carbon dioxide 
and water vapor: If the energy were radiated away 
exclusively by the CO, molecules, the tropopause 
would set in some 8.5 km. above the surface (corre- 
sponding to a lapse rate of 3.7°/km.), while radiation by 
H:0 alone would increase its height to 25 km. (at 
which temperatures of about —90°C. are attained).*' 
Throughout the Martian stratosphere, the temperature 
is, however, expected to drop further continuously 
until an absolute minimum of about —140°C. is 
attained between 120-130 km. aloft. Below this 
level, the rate of exchange between the translational 
energy—i.e., temperature—and the vibrational energy 
of the molecules (which controls the rate of cooling 
through infrared radiation) is rapid enough for the 
prevailing temperature not to depart greatly from 
equilibrium; but above this level, emission or ab- 
sorption by infrared vibrational bands becomes un- 
important and the temperature is controlled essentially 
by the thermal conductivity of the remaining gas. 
Any oxygen molecules (O.) present in the Martian 
atmosphere should get dissociated by photochemical 
action of sunlight already below this height, at about 
115 km. (the comparable level on Earth is 95 km.); 
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above 140 km. the CO. molecules should dissociat« as 
well. The Martian E-layer should set in about 220 
km. above the ground (the comparable height on 
Earth is 100 km.), and the position of other ionospheric 
layers should depend largely on their chemical const itu- 
tion. 

What is the corresponding pressure and density 
distribution in such an atmosphere? Even though the 
ground density of the Martian atmosphere is consid- 
erably less than that of our own air above the top 
of Mount Everest, the low value of Martian gravita- 
tional acceleration (372 cm./sec.”) is bound to render 
the hydrostatic density gradient on Mars much smaller 
than it is on Earth. As a result, a simple investigation 
reveals that the Martian atmospheric density should 
become equal to that in our own atmosphere at a height 
of some 24 km.*—1.e., not much above the tropopause 

and above that, it is the Martian stratosphere which 
should become the denser of the two. This relatively 
high density of the upper atmosphere on Mars -much 
higher than on Earth or (probably) Venus—will have 
to be given careful consideration in connection with 
the descent of space probes intended to land on its 
surface; this feat may, in fact, prove to be more 
difficult to attain than the corresponding re-entry 
problem on Earth. 


Concluding Remarks 


With this remark we conclude our brief survey of the 
principal physical and chemical characteristics of the 
atmospheres of our two nearest celestial neighbors— 
the planets Venus and Mars. If the fund of our present 
knowledge is as yet inadequate to answer all questions 
which the aeronautical engineers are apt to ask before 
completing the space probes designed to pay a close 
call—if not actual visit—on our celestial neighbors, 
sufficient incentives should now be available to augment 
it in the near future. Much of the past work, which 
we owe to the dedicated service of a veritable handful 
of astronomers, could now be done over and _ better 
with improved instrumental means, mainly with 
improved terminal equipment. 

To illustrate this point on a concrete example, let us 
consider the problem of the spectroscopy of Venus, 
the more difficult planet to observe of the two because 
of its proximity to the Sun. In order to attain a 
sufficiently high dispersion, long exposures are required 
for conventional spectrographs, and, unlike Mars, 
Venus cannot be observed the whole night. 
much of its entire spectrum is uninteresting and 
provides but little information bearing on the Cytherean 
atmosphere. This information is contained, in general, 
in a certain number of discrete absorption bands, to 
which our study should be primarily directed. A high- 
dispersion spectrogram recorded on a_ photographic 
plate cannot, however, take full advantage of this situ- 
ation since it may require a prohibitively long exposure 
in order to record all information— -interesting as well as 
uninteresting—in a large range of the spectrum. It 
would be much more economical in time, as well as accu- 
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THE MISSILE RANGE: Measure of Capability 


The missile range today is a vast proving ground for advanced 
technologies. It symbolizes the “state of the art” in computa- 
tion, physics, chemistry, metallurgy, propulsion, hydraulics, 
electronics, inertial guidance, communications and every other 
scientific field. 

The most critical need of the missile range is to Know system 
performance exactly. This calls for integrated standards of 
measurement and data handling, and therefore for entire sys- 
tems and entire installations engineered to that objective. 

To this problem Sperry Rand has a logical answer: com- 
patible instrumentation. The scope of Sperry Rand capability, 


illustrated above, embraces the whole panorama of the space 
age. Compatible Instrumentation is the principle of precision 
in missile range measurement, and a plan of action for apply- 
ing this principle to projects now developing. 

For the necessary team approach to missile range tech- 
nology Sperry capabilities are joined with those of all other 
corporate divisions which have contributions to make—among 
them Ford Instrument Company, Remington Rand Univac, 
Vickers Incorporated and several component divisions special- 
izing in microwaves, electronic tubes and solid state devices. 
General Offices: Great Neck, N. Y. 
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rate for the purpose of photometric measurements, to 
scan only the critical part of the spectrum photoelec- 
trically; improved resolving power could also be attained 
by replacing the gratings or other conventional disper- 
sive media with pressure-scanning Fabry-Perot etalons. 

Such devices have already been used with success in 
stellar spectroscopy,” and everything is to be said for 
their introduction into planetary work as well. By 
using such means, it may become possible to study, for 
example, the hydrodynamic gas streaming (‘‘trade 
winds’’) in the Cytherean atmosphere (which probably 
superpose on the systematic rotational effects) by the 
same method by which solar convection is being 
studied from local distortion of the absorption lines, 
and to straighten out many an obscure point of plan- 
etary meteorologies. The introduction of such tech- 
niques may call for a closer collaboration between 
astronomical observatories and physical laboratories, 
and increased support will probably be needed to make 
it possible. Nowadays, however, when the firing of a 
single space probe is expected to cost more than the 
total annual upkeep of the entire academic astronomy 
all over the world, it is earnestly to be hoped that 
Earthbound astronomers may soon be given what they 
need to pull their weight in the common effort and 
provide in time such information as may be required in 
support of the contemplated space activities in the 
inner part of the solar system. 
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Crew-Computer Team (Continued from page 19) 


Calculation of wind, true ground speed, and track 
would be performed and used in the navigation, range 
remaining, and cruise control functions. The com- 
puter would perform both horizontal vectoring and 
vertical speed-altitude scheduling, including dead- 
reckoning navigation if necessary. 

In the long-range (in time) outlook of the air traffic 
control picture, it is becoming increasingly probable 
that some form of automatic navigation and/or auto- 
matic position reporting will be introduced. Again the 
various integrated functions of the digital computer 
controlled navigation system would serve to excep- 
tional advantage. Operating as a link in an automatic 
ground-air-ground data link transmission chain, the 
computer could perform several basic and essential 
tasks. The manual entry keyboard could be used to 
compose special messages for transmission to ground 
control centers. Normal automatic position reporting 
could also include the airborne computed predicted 
flight path which the aircraft intends to follow. This 
would provide the ground controller with the most 
accurate information available (straight from the horse's 
mouth, as it were) concerning the contemplated future 
actions of the aircraft. Should a traffic conflict be 
predicted, the ground could initiate flight path com- 
mand changes which would be received and processed 
by the digital computer for display on the pilot’s in- 
strument panel and perhaps also on the navigation 
display. The increased speeds and closing rates of 
these high-velocity aircraft make time and accuracy 
of the essence in planning air traffic control techniques 
and procedures. It seems logical that an airborne 
calculation of flight path would be the most accurate 
and also would relieve the ground control center of the 
necessity of making the computations. 

Returning again to the topic of economy of operation, 
it is essential to the profitable management of any 


(Continued on page 51) 
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Pioneering Achievements at JPL 


Following an impressive period, beginning in 1938, in the pioneering 
and development of all forms of rocketry—JPL’s jump into outer 
space began with the successful flight of America’s first satellite, 
Explorer |. When the moon probes Pioneer III and IV proved equally 
successful, the Jet Propulsion Laboratory's position as an outstanding 
center of research and development was again confirmed. 


RECEPTION 


The 85 foot parabolic 
antenna at Goldstone, 
California built in 1958 
and used in tracking and 
recording telemetry from 
U.S. spacecraft. 


TRANSMISSION 


This 85 foot antenna, 7 
miles from the reception 
facility, has recently been 
put in operation to 
transmit signals to U.S. 
spacecraft. 


PIONEERING IN SPACECRAFT COMMUNICATIONS 


With the completion of the new transmitting antenna instal- 
lation at the Goldstone Deep Space Instrumentation Facility 
in California, a unique space communications research and 
operations laboratory now exists which makes possible still 
further communications achievements in space research. 
The facility is being used in various ways. Two-way com- 
munications with space probes permits precision tracking, 
Precision radio guidance, and wideband data reception. 
Working as a bistatic, CW Doppler radar, the facility permits 


CALIFORNIA 


accurate tracking of dark satellites whose orbits are only 
imperfectly known, as well as accurate tracking of the moon 
and, later, the planets. 

The purely scientific data produced by such a facility 
ranges from propagation data and lunar reflectivity char- 
acteristics to the wideband data communicated to the 
station from the scientific instruments aboard the space 
probes. This is but one of the many space exploration activi- 
ties pioneered by the Jet Propulsion Laboratory. 


INSTITUTE OF TECHNOLOGY 


JET PROPULSION LABORATORY 


A Research Facility operated for the Notional Aeronautics and Space Administration 
‘ PASADENA, CALIFORNIA 
Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 
COMMUNICATIONS e INSTRUMENTATION e INFRARED e ASTROPHYSICS « GEOPHYSICS « GEOCHEMISTRY 
ASTRONOMY « PROPULSION MASER STRUCTURES e PHYSICS 
Send professional resume, with full qualifications and experience, for our immediate consideration 
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First issue 
January 1961 


A monthly service providing fast, comprehensive coverage 
of the world’s aerospace literature 


monthly issue of Jnterna- 
tional Aerospace Abstracts will bring 
you abstracts of hundreds of the latest 
reports, periodical articles, meeting 
papers, and books—selected on the ba- 
sis of their importance to aerospace 
technology. Coverage will be world- 
wide. Convenient subject arrange- 


ment will permit rapid location of top- 
ics of interest, and an author index in 
each issue will give further access. This 
new monthly will combine, in improved 
format, the abstracts and book sec- 
tions formerly carried in Aerospace 
Engineering. 


SUPPORTED by the NATIONAL SCIENCE FOUNDATION and the AIR FORCE OFFICE 
OF SCIENTIFIC RESEARCH 


DESIGNED EXPRESSLY FOR THE ENGINEER AND SCIENTIST 
PROMPT SELECTIVE INFORMATIVE TIME-SAVING EXPANDED COVERAGE 


Access to original publications will be provided through the facilities of The IAS Library 
at National Headquarters in New York. 


A separate index volume is being planned for yearly publication. 


Subscription Information (Domestic and Foreign) 


Basic Rate: $60 per year An Individual [AS Member may sub- 
IAS Corporate Member scribe at the special rate of $20 per year 
Rate: $40 per year 
a only if he signs an agreement certifying 

Rate: $20 per year that the copies are for his personal use. 


(Subscriptions will be written on a calendar year basis.) 
Prices of the Annual Index Volume will be announced later. 


For uninterrupted abstract service, 
SEND IN YOUR SUBSCRIPTION ORDER NOW 


INSTITUTE OF THE AEROSPACE SCIENCES 


2 East 64th Street / New York 21, N.Y. 
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IMPORTANT NEW OPENINGS 
FOR CREATIVE ENGINEERS 


The Martin Company, at Orlando, 
Florida — prime contractor for Per- 
shing, Bullpup, Lacrosse, Missile 
Master and BIRDiE — has senior 
level openings on its Technical and 
Research Staff in the following tech- 
nologies: 


@ Operations Research — including 
optimum decision and prediction 
methods for existing and proposed 
weapon systems. 


@ Information Theory—with empha- 
sis on optimum coding and signal- 
ing techniques. 


@ Digital Computers — analysis and 
advanced research, including learn- 
ing machines. 


@ Electronic Systems — conceptual 
evaluation of advanced weapons 
systems. 


@ Inertial Guidance—conceptual and 
analytic investigation of advanced 
systems using novel components. 


® Electronic Packaging — utilizing 
thin film and micro-electronic tech- 
nology. 


@ Environments — study of shock, 
vibration, acoustics, temperature, 
and natural environments. 


@ Structures — development of new 
concepts, materials, applications, 
and design criteria. 


@ Human Factors — analysis related 
to military and space applications. 


@ Missile Propulsion — liquid and 
solid rocket propulsion and air 
breathing systems. 


Ground Support Equipment—with 
emphasis on mobile missile systems. 


If you are qualified for senior level 
work in this highly select staff, please 
send a brief resume to Mr. C. H. Lang, 
Director of Employment, The Martin 
Company, Orlando 20, Florida. 


WORK IN THE CLIMATE OF ACHIEVEMENT 
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aro. 001 GMT, December 1, 1960, Martin logged its 757,380,000th mile of space flight 


Martin-bu'!t Pershing —a major breakthrough for the Army 
in its progr. to develop the modern missile as a mobile field 
artillery won. Pershing moves over the roughest terrain on 


its own mo! ° launcher, is ready to fire within minutes. 
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PERSHING— in test at Cape Canaveral 


Automation Industries, Inc., machines this complex wheel-well bulkhead for the Convair B-58 


from a hand-forged, stress-relieved, ultrasonically inspected slab of 7079-T651 Alcoa® Aluminum. 


Alcoa stretches aluminum to cut 
wasteful warpage for Automation Industries 


Residual stresses in heat-treated parts can cause prob- 
lems during machining: bowed parts, difficult straight- 
ening, extra machine setups. Stretching hand forgings 
(companion Alcoa development to compressive stress- 
relief) “relaxes” them, can relieve internal stresses even 
better than compressing. 


MID-CONTINENT Division of Automation Industries, 
Inc., needs 12-ft aluminum forgings with a maximum of 
stress-relief. From each half-ton slab, Mid-Continent 
precision-machines 78-lb wheel-well bulkheads for Con- 
vair’s B-58 Hustler. Bow tolerance: 0.001 in./in. 


TO SUPPLY the stock for this part, Alcoa stretches 
414 x 2314 x 144-in. billets a carefully controlled amount, 
right after heat treating. Almost two decades of experi- 
ence in stretching for stress-relief have proved subse- 
quent warpage is reduced an average 95 per cent. Alcoa 
inspects each slab ultrasonically before shipment to 
the customer. 


REMOVING 94 per cent of the metal in a series of 
extremely precise operations, Automation Industries 
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doesn’t even have to clamp Alcoa forged billet down. 
It’s so free of residual stresses that vacuum is enough 
to hold it throughout lengthy machining. For all prac- 
tical purposes, warpage and expensive straightening 
are eliminated. 


Alcoa has been stress-relieving aluminum by stretch- 
ing, compressing and other processes longer than anyone 
else, but we’re not relaxing ourselves. Even though we 
now can supply stress-relieved forgings, sheet, plate, 
extrusions and rolled parts, intensive research continues 
on new and improved methods. For technical help, 
call your nearest Alcoa sales office, or write Aluminum 
Company of America, 2025-M Alcoa Building, Pitts- 
burgh 19, Pennsylvania. 


Watcoa ALUMINUM 


A ALUMINUM COMPANY OF AMERICA 


For exciting drama watch ALCOA PRESENTS every Tuesday evening, ABC-1\ 
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airline that flight plan changes be minimized to the 
greatest degree practicable. Operating costs are based 
on an inverse function of block speed so that any de- 
viations from an optimum flight plan, if they increase 
the trip time and therefore decrease the block speeds, 
will have a detrimental effect on the finances of the 
operation. At the block times corresponding to Mach 
3, it will not take a very large absolute time delay to 
change the block speeds, and therefore the per hour 
operating costs will also be changed by a substantial 
percentage. At the present and projected earning rates 
of commercial air carriers, such a cost increase could 
cause considerable trouble, if not actual financial 
disaster. With accurate airborne automatic navigation, 
position reporting, and flight plan prognostication, it is 
thought that a substantial decrease in schedule de- 
lays due to traffic conflicts can be expected. In 
addition, fuel consumed and effectively wasted in 
flight plan deviations would be greatly minimized. 

Considering the terminal phase of the operation, the 
automatic navigation and speed-altitude scheduling 
capabilities of the computer could be expected to supply 
considerable assistance toward making an automatic 
landing approach system workable. The aircraft, 
through the use of prestored terminal recovery flight 
plans, could be commanded through a known approach 
pattern. If the digital computer were tied into the 
autopilot and AILAS equipment, then a truly automatic 
instrument landing system could be developed. The 
approach patterns, as in the case of the midcourse 
navigation phase, can be either cockpit selected or 
ground commanded. In either case, the pattern will 
be known by the ground controller and displayed as 
flight commands to the cockpit. 


Cruise Control 


Considering again the economics of a supersonic 
transport and the high rates of fuel consumption re- 
quired to produce these Mach 3 speeds, an increased— 
as well as continuing—necessity for precise cruise con- 
trol monitoring is evident. It is highly probable that, 
with these increased speeds and decreased flight times, 
the perennial battle of the schedules between competing 
carriers will subside although perhaps not disappear. 
Presently, in order to maintain schedules and speed 
advantages, airlines are operating their jets at maximum 
cruise thrust settings rather than at those speeds and 
powers which give minimum cost operation. Given 
enough of a difference in cost between the two opera- 
tions, at a gain of perhaps at most 5 min. on a trans- 
continental U.S. flight of less than 90 min., minimum 
cost operation seems highly attractive. 

In order to cover the entire spectrum of possible 
Operating conditions encountered throughout the 
world, manufacturers and operators perform a multi- 
tude of studies, usually with the aid of large high-speed 
digital computers. Consider the airborne digital 
computer, also with high-speed computing ability but 
of measurably smaller size. Within the memory of 
this airborne computer would be contained the per- 
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Fig. 3. Fuel range display, referenced to present position. 


tinent results of the ground-based performance studies. 
Given the necessary inputs, either automatically or 
manually entered, or both, the computer would gener- 
ate flight commands of speed and altitude which would 
minimize the operating costs of the airplane. The 
ground rules for the cost minimization would be built 
into the original performance analysis from which the 
operational curves were generated. These flight com- 
mands would include climbs, descents, and pattern 
holding data, as well as cruise control information. 

An additional feature of the airborne computer's 
capabilities concerning cruise control could be reduction 
of supersonic trim drag through monitoring and control 
of the c.g. as the aircraft’s fuel is consumed. The c.g. 
could be maintained in the optimum position for either 
supersonic cruise operation (minimum operating cost 
considerations) or subsonic take-off and landing opera- 
tion (stability and control considerations). The nec- 
essary fuel transfer could be effected automatically by 
the digital computer, or else the desired transfer com- 
mands could be cockpit displayed. 


Fuel Range Display 


In the same category of cruise control functions of the 
digital computer is its capability for predicting the fuel 
consumption and range remaining characteristics of the 
aircraft. This function is extremely interesting and 
useful in view of the expected long-range operational 
mission of the large supersonic airliner. There are 
several types of range calculations and displays, all of 
which can be performed by the digital computer. The 
requirements for these functions will vary from one 
carrier to another. One possible utilization is described 
here. 

Contained in the computer memory are predicted 
data relating to the fuel consumption characteristics of 
the aircraft while operating in either the maximum 
range or minimum cost mode. Selection of the de- 
sired mode of operation could be made in the cockpit. 
Inputs of fuel remaining on board the aircraft and air 
data measurements are fed into the computer. Using 
wind data, as described later, the digital computer can 
compute accurately the range remaining available to 
the aircraft based on two separate origins. In one case, 
the range is presented from the present position of the 
aircraft, assuming that the aircraft is transferred in 
Mach and altitude to the specified and displayed op- 
erating conditions if necessary and including the effect 
of any such transfer in the range calculation. The 
range thus presented is the maximum distance the air- 
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Fig. 4. Fuel range display, referenced to destination. 


craft can travel from its present position under the 
selected operating mode with the fuel remaining on 
board, less selected reserves. Displayed pictorially 
by a circle nominally centered about the aircraft posi- 
tion but offset to account for any known wind conditions 
as determined by airborne Doppler radar, all terminal 
areas falling within the range circle are available to 
the aircraft. This type of display is illustrated in 
Fig. 3. 

Another similar type of range calculation can be per- 
formed alternately on demand by cockpit personnel. 
A specific immediate destination—either a terminal 
position or an intermediate point—would be selected 
and entered into the computer. The fuel consumed in 
reaching this destination from the aircraft’s present 
position would be calculated and subtracted from the 
amount of fuel currently on board the aircraft. The 
range remaining available after arrival at the destina- 
tion is then displayed as shown in Fig. 4. As in the 
calculation described previously, the mode of operation 
utilized in consuming the fuel is specified either in the 
computer program directly or by selection from the 
cockpit. 

In both of the preceding calculations, the range was 
calculated on the basis of the aircraft’s operating ac- 
cording to the predicted performance data. By 
monitoring present total rate of fuel depletion and 
ground speed, and assuming the aircraft maintains its 
present speed and altitude, range remaining data can be 
calculated based on presently achieved trimmed con- 
ditions. In this manner, a constant check could be 
made on current operating conditions. This could be 
of extreme importance in cases of unusual operating 
circumstances such as one or more engines out, equip- 
ment malfunction, etc. Range presentation based on 
present operation conditions could be selected by cock- 
pit personnel as desired. In all cases described pre- 
viously, the visual range remaining display would have 
a bias introduced to correct the effect of known wind 
conditions. 

An additional range display capability especially 
suited for long overwater flight operations is a type of 
point-of-no-return display. In this case a_ selected 
terminal base is entered into the digital computer. A 
symbol is projected on the display screen ahead of the 
aircraft position along the present aircraft track. A 
range calculation would be performed so that this sym- 
bol would indicate how far the aircraft could travel on 
its present heading and flight conditions of Mach and 
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altitude before it would have to divert to the specified 
terminal base. A typical display is presented in lig, 5, 
In other words, the computer selects a point along the 
aircraft’s present ground track where, if the pilot con- 
tinued to hold present operating conditions, the air. 
craft would have to turn and fly to the selecte« ter- 
minal area, arriving there with just a specified amount 
of reserve fuel. This technique could be utilized either 
as an indication of alternate landing field availability 
or as a point-of-no-return display, according to the 
type of route being flown. 

The use of the pictorial display as a combined navi- 
gation monitor, data entry device, cruise control and 
fuel range display, and how-goes-it display is in keeping 
with the basic philosophy of integrated functions which 
underlies this central computer system. As with the 
total system, the functional requirements for the dis- 
play unit will vary with the particular aircraft, oper- 
ator, and airline route structure. In many cases, the 
integration of these various functions results in a more 
practical, useful, and economical set of hardware. 


Basic System Components 


As discussed or implied previously, the basic com- 
ponents of the system under consideration consist of 
units which may be classified in the general categories 
of digital computers, intercabling of instrumentation 
and computer, and displays and controls. This present 
section will outline the general characteristics which 
can be expected of the aforementioned components. 
These characteristics incorporate equipment develop- 
ment and state-of-the-art advances which can con- 
fidently be expected to be achieved in the 1962-1965 
time period. 


Central Computer 


The central computer would be a general-purpose 
serial computer, with a lightweight magnetic drum 
memory that provides temporary storage of quantities 
used in computations and permanent storage of the 
program and fixed constants. The recommended de- 
sign was selected from a number of alternate designs as 
that best suited to the requirements of the supersonic 
transport electronic management system. 

Briefly, the advantages of the serial, general-purpose 
digital computer for this application can be summarized 
as follows: 

(1) Sufficient speed for the requirements but with 
greater economy of equipment than a parallel machine. 
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BIG THINGS ARE HAPPENING AT 
BOEING / WICHITA & WE NEED 
THE MEN TO MATCH THEM 


if you are a qualified senior engineer in any of the three categories 
shown here, please contact us. Degree and experience required. Write 
in confidence to: Mr. Melvin Vobach, Dept. OAD, Boeing Airplane 
Company, Wichita 1, Kansas. 


FLIGHT TEST ENGINEERS Rapidly expanding Flight Test Programs offer oppor- 
tunities for experienced engineers in Program Planning, Program Operation and Program 
Analysis. Current programs include: (1) Aerodynamic Tests, including turbofan perform- 
ance and missile drop characteristics. (2) Air Conditioning. (3) Bombing and Navigation. 
(4) Electrical Systems. (5) Electronics. (6) Equipment. (7) Special Programs, including 
structural integrity and missile platform development and evaluation tests. Positions 
are in Test Operations, Ground Operations, Instrumentation, Planning and Analysis. 


OPERATIONS AND RESEARCH ANALYST B.S., M. S., or Ph. D. in Math, 
Physics, Electrical or Aeronautical Engineering to obtain data on the anticipated oper- 
ational environment of the devices under study by New Product Development staff. 
Devise analytical models or procedures for estimating the operation and utility of new 
weapons system. Studies compare new product developments with competitive 
products, and demonstrate the anticipated utility to the customer. 


WILTIITA 


3 
4 


DESIGN ENGINEERS FOR ANTENNA AND MICRO- 
WAVE COMPONENTS Experienced Electrical Engineers 
familiar with microwave components and circuitry, and/or 
antenna design are urgently needed. Positions are available 
in research and development programs, involving ECM and 
radar systems for airborne military application. This work 
requires a high degree of skill'and a complete familiarity with 
both theoretical and practical aspects of these fields. A new 
and completely equipped microwave and antenna laboratory 
is available for this work. 


Please send me complete information about 
Boeing J Wichita and your new “Opportunities 


> Brochure.” 


4, NAM 


ADDRESS 


“STATE 


| have a degree(s) 
in the following: 
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(2) Less weight and volume than equivalent analog 
equipment with the inherent increase in accuracy for 
complex computations. 

(3) Freedom from the inflexibility of incremental 
computer design. 

(4) Advantages of a universal machine whose be- 
havior is not determined by built-in logic but by a 
readily changed program. 

The principal defining characteristics of the computer 
are that the machine is electronic, digital, binary, and 
serial and contains a fixed point, stored program, and 
magnetic drum memory. It would be completely 
transistorized and would employ step-by-step digital 
computation to perform the calculations required by 
the system. It would be capable of making yes-no 
decisions, either on the basis of its own calculations or 
as a result of the setting of operator-controlled switches. 


Computer Physical Parameters 


The basic general-purpose digital computer is divided 
for reference purposes into three major subgroups— 
namely, the magnetic drum, arithmetic and control 
unit, and the input-output unit. A preliminary esti- 
mate has been made of the characteristics of a computer 
capable of performing this role of electronic system 
management. Naturally a firm estimate of the com- 
puter design features is dependent upon definition of 
the scope of the functions to be performed. 

The digital computer is estimated to have a parts 
count of approximately 10,000 components with a 
packing density of 25,000 components per cubic foot, 
exclusive of memory. The estimated parameters are 
as follows: 


Volume Weight 
Magnetic drum 0.3-0.4 ft.’ 12-16 lbs. 
Arithmetic and con- 
trol unit 0.2-0.3 ft.® 8-12 Ibs. 
Input-output unit 0.15-0.25 ft.* 6-10 Ibs. 


Thus the central computer and memory occupy 
0.5-0.7 ft.* plus input-output equipment. It should 
be noted that these component densities are well within 
the state of the art for u/trareliable equipment in the 
period of application of this system. 

Fruition of ongoing intensive microminiaturization 
research could result in component densities of 200,000 
to 500,000 per cubic foot, including interconnections, 
in the time era covered by this study. If such is the 
case, redundant computing techniques now under 
development will be economically feasible within the 
weight and volume constraints of this computing 
system. 


Cockpit Display 


An integrated chart and radar display will present 
information to the pilot on a screen enclosed within a 
single-unit housing. The following features will be 
displayed. 

Planning, enroute and terminal area charts, as well 
as certain instructional and data charts, will be optically 
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projected from within the unit to image on the screen, 
Capability will be provided for manual chart selection 
(independent of the computer) and for automatic and 
manual slewing of the charts for greater area coverage, 
Map displays providing such capabilities are at present 
being successfully operated as part of the MA-| fire 
control system on the supersonic F-106, and are also 
contained in more advanced systems currently under 
development. 

A CRT projected onto the same screen will be used to 
display the following information: 

(1) A symbol representing the aircraft position and 
heading (this symbol, driven by digital computer out- 
puts, will continuously and automatically ‘‘track” 
the aircraft and may be manually slewed to any chart 
location by pilot control). 

(2) A symbol representing the position of a destina- 
tion point (this symbol may also be manually or auto- 
matically positioned). 

(3) A line representing the point-to-point ‘‘ground 
track’”’ either from present aircraft position to destina- 
tion or from a previous flight point to destination. 

(4) A fuel-range-remaining circle, positioned about 
either the aircraft or destination symbol. 

(5) A front-end cursor to show aircraft heading or 
course. 

(6) Multiple symbols (from airborne identification 
equipment) or multiple blips (from radar scan) of 
other aircraft in the vicinity operating at a potential 
collision altitude and range. 

(7) Weather radar and/or other radar information 
may be superimposed upon or time shared with the 
chart and symbol presentations. 

Practical methods of combining the optical projection 
and CRT presentations on one screen have been suc- 
cessfully demonstrated, and current effort on these 
techniques is in the advanced development stage. 


Conclusion 


The concepts involved in the development of an 
electronic management system for supersonic transport 
aircraft necessitate a high degree of integrated system 
design. The electronic management system represents 
the philosophy of coordinating most of the operational 
functions of the specific aircraft subsystems through 
the use of one central digital computer. While many 
of the computer’s commands may be executed auto- 
matically, all pertinent information is presented to the 
crew for ultimate decision action and optional manual 
control. While certain indications would be presented 
on the flight director and other instruments as appro- 
priate, the chief means of communication between the 
computer and the crew would be an integrated pictorial 
display presenting navigation, collision avoidance, 
weather, and system self-test information. 

It has been shown that an airborne digital computer, 
as the heart of an integrated management and display 
system, can enhance and extend the operational capa- 
bilities of the forthcoming fleet of Mach 3 commercial 
transport aircraft. Short of silencing the inevitable 
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sonic boom, the digital computer provides valuable and 
necessary implementation in the areas of economy of 
operation, flight safety, air traffic control, and main- 
tenance of schedules. Upgrading of present capa- 
bilities in all of these areas appears mandatory in order 
to make feasible these supersonic beasts of burden. 
Hopefully the digital computer system may provide a 
measure of these badly needed improvements. 


++ + 


Meteoroid Shielding (Continued from page 23) 


tenable but one must remember, given a cometary 
origin, that the particle sizes initially depend upon an 
unknown structure within the cometary mass before 
the ices sublimated due to the action of sunlight. It 
is quite possible initially that smaller bodies ejected 
from comets are indeed of lower density than larger 
ones. We already have rather clear cut evidence 
that the meteoric material from some small comets 
tends to be of lower density, and generally of smaller 
mass and dimensions than that from the larger comets. 
We have no sound basis upon which to assume densi- 
ties for smaller particles, except for the effect of light 
pressure or other physical effects... .”’ It is seen 
that arguments such as these contain considerable 
conjecture--from the point of view of a designer— 
and design estimates based upon such considerations 
must be viewed with a proper perspective. 


Velocities 


The velocities of meteoroids in the vicinity of the 
earth can vary from around 11 km./sec., which is the 
lower limit determined by the earth’s gravitational 
field, up to values of about 72 km./sec., which is the 
maximum velocity relative to the earth, attainable at 
the earth’s distance from the sun by a particle which is 
in the solar system. These limits are found to agree 
well with observed ranges of meteoroid velocities.!: * 
Whipple gives a value of around 28 km./sec. for the 
average velocity of photographic meteors. Hender- 
son’ quotes McKinley's determination from observa- 
tions by radio methods over a period of about 15 
months of an average velocity of about 40 km./sec. 
He also notes that Whipple, Opik, and others have pro- 
posed mechanisms indicating that the velocities of 
smaller particles (which are much more numerous than 
larger ones) are reduced to values near the lower limit 
of meteoroid velocities mentioned above. On the 
basis of such information, various investigators employ 
values of 30 to 40 km./sec. as a reasonable assumption 
for the average velocity of all meteoroids. It must be 
emphasized that these values apply only to particles in 
the vicinity of the earth. 


Frequency Distribution of Particle Masses 


Observations by optical and radio methods have 
provided information leading to an empirical generali- 


zation relating frequency of particles to the magnitude 
or brightness (luminous intensity or, in the case of the 
radar measurements, an equivalent quantity defined 
in terms of radio ionization) of the meteoric phenomena 
associated with their passage through the atmosphere. 
Henderson* remarks that establishing the relation 
between particle mass and the meteoric magnitude 
“has been more difficult.’’ He notes that ‘“‘one method 
which provides a clue to the mass of a given particle 
involves the determination of the aerodynamic drag 
and its effect on the particle velocity,’”’ including the 
effects of ablation. He points out that ‘“‘such calcula- 
tions are of necessity based on certain assumptions 
which leave the exact mass-magnitude-velocity uncer- 
tain to a large degree.’’ Ultimately a relationship is 
arrived at between particle mass and the flux of par- 
ticles (number per unit area per unit time) of mass m 
or greater entering the vicinity of the earth. An 
equation of the form 


F. = am" * (1) 


is used by miany investigators. F, is the particle flux 
or frequency of particles having mass m or greater, 
and a and @ are empirical constants. Whipple’s data 
yield a value of a = 1.3 X 107! gm./m.?/sec. and he 
and others have determined a value of 8 = 1 for opti- 
cal and radio meteors. Taking into account the re- 
sults of some recent satellite measurements (which give 
points on the frequency spectrum for particles of much 
smaller masses than those corresponding to optical and 
radio observations), Broyles suggests a value for 8 of 
1.09. Using only the satellite and rocket data of 
greatest statistical significance, Bjork obtains a value 
of 8 = 10/9 =~ 1.11. In the design studies to follow, 
the effect on shielding requirements of a range of values 
of a from 1.0 X 10-* to 1.38 107? gm.°/m.2/see. 
and of 8 from 1.0 to 1.3 will be investigated. 

Several further aspects of the characteristics of 
meteoroids are worthy of mention. Sandorff® points 
out that, with regard to our current information on 
meteoroids obtained from measurements in the vicinity 
of the earth, ‘‘the source data were never intended 
for extrapolation into interplanetary space. The as- 
sumption of random distribution and orientation of ve- 
locity is patently false.’’ Gazley, Kellogg, and Vestine® 
state that ‘“‘meteors do not approach the earth from a 
random direction, but rather . . . are concentrated in 
the ecliptic plane. . . . This concentration of meteoric 
material in the ecliptic plane implies that interplanetary 
trips should involve paths above or below that plane so 
as to minimize meteoroid encounters.’’ However, San- 
dorff* comments that ‘‘at an inclination of 40° (to the 
plane of the ecliptic) the particle density (flux) is be- 
lieved to fall off by a factor of 10. An Earth-to-Mars 
transfer orbit following such an inclined trajectory 
would require interplanetary propulsion capabilities 
about four times as great as for one close to the ecliptic; 
whether this measure would prove desirable requires 
much more thorough investigation than is possible here 
and now.” Gazley, et al.,° mention that ‘‘the direc- 
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Portable air traffic control towers— to be produced 
by Hamilton Standard —can be flown or trucked 
to speed mobilization of remote TAC air fields 


The Air Force has selected Hamilton Standard to 
produce 150 air traffic control vans, plus 53 trailer- 
mounted electronic shops for servicing the control vans 
and other types of electronic equipment in the field. 
The van will be used, as shown here, by the Tactical 
Air Command to direct air traffic at remote or tem- 
porary landing fields. 


LIGHTWEIGHT, RUGGED, EASY-TO-OPERATE—Each 
van weighs about a ton, measures 5’ x 5’, yet houses an 
operator, transmitters, receivers, and most of the basic 
weather equipment of large airport control towers. The 
units are built to withstand the most grueling en- 
vironmental conditions—sand, wind, dust, ice, humid- 
ity, altitude. Every construction element—equipment, 
lighting, sound conditioning—is engineered to blend 
man and equipment into an efficient operating unit. 


HAMILTON 


OTHER GROUND SUPPORT EQUIPMENT IN PRODUC- 
TION at Hamilton Standard includes liquid cooling 
carts for an advanced airborne missile system, cooling 
packages for a missile silo application, and electrical 
simulators for military cargo aircraft. 


SOLID FOUNDATION FOR YOUR GSE—Hamilton 
Standard has the ability to supply the widest range of 
aircraft and missile ground support equipment—from 
tiny precision components to complete architectural 
structures and weapon subsystems. This ability stems 
from over 40 years’ experience in systems-engineering 
its own laboratories and broadening product lines. To 
learn how this vast engineering resource and Hamilton 
Standard’s world-wide service organization can serve 
you, phone or write: Hamilton Standard Ground Sup- 
port Equipment Department. 


TAN DASY 


STANDARD 


DIVISION OF UNITED AIRCRAFT CORPORATION 


WINDSOR LOCKS, CONNECTICUT 


\ q 


SOME OF THE MANY FIELDS OF GROWTH AT HAMILTON STANDARD 


N 


ENVIRONMENTAL CONDITIONING SYSTEMS 
for space vehicles and such advanced air- 
craft as the B-58, 880, B-70 are important 
Sspects of Hamilton Standard diversification. 


ENGINE CONTROLS for over 20,000 air- 
craft gas turbines have been produced by 
Hamilton Standard. The company's latest con- 
trol work involves advanced rocket engines. 


December 1960 


ELECTRONICS at Hamilton Standard includes 
broad experience in flight control, instrumenta- 
tion, static power inversion and electrical con- 
trol for aircraft, missile and GSE components. 
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tion of most meteors is found to be from behind the 
earth—i.e., most of them are in direct, rather than 
retrograde, motion around the Sun . . . to minimize 
high-velocity collisions, an interplanetary vehicle should 
also follow a direct, rather than a retrograde, orbit. 
This, of course, is desirable for reasons of fuel economy 
also.”’ 

It must be emphasized that the bulk of our informa- 
tion on the characteristics of meteoroids is based on 
observations in the vicinity of the earth. More com- 
prehensive information on meteoroids will have to be 
obtained from deep interplanetary space probes before 
better estimates of meteoroid shielding requirements 
can be made available for vehicles on missions to re- 
gions of the solar system more remote from the earth. 
In this connection, it should be pointed out that the 
gravitational attraction of the earth (or any other 
very large mass in space) increases the flux or concen- 
tration of meteoroids in its vicinity. On the other 
hand, vehicles in close proximity to the earth will be 
sheltered somewhat from meteoroid impingement by 
the shadowing effect of the earth. In the analysis to 
follow, however, this shadowing effect will be neglected 
in comparison with other uncertainties which may 
amount to an order of magnitude or more—perhaps 
several orders of magnitude. The shadowing effect 
can be expected to involve a factor of less than 2. 

In making estimates, the effects of various param- 
eters whose values are not certain will be studied by 
examining reasonable ranges of those values. Upper 
limits thus obtained will serve as conservative esti- 
mates, while lower values will indicate future possibili- 
ties. 


Hypervelocity Impact and Penetration 


The complex mechanical processes associated with 
hypervelocity impact have not been well understood. 
Up to the present time, there have been no adequate 
laboratory experimental investigations of the effects 
of particles impacting on targets with velocities, masses, 
and sizes characteristic of meteoroids.':* Experimental 
data are available at lower speeds, and, based on these 
results, a variety of empirical relationships have been 
formulated and extrapolated for use at higher speeds. 
Apparently no consistent correlations have been ob- 
tained. A number of theories based on rational analy- 
sis in conjunction with empiricism seem to agree with 
the available data up to velocities of about 10,000 ft. 
sec. (approximately 3 km./sec.), but, upon extrapola- 
tion to meteoroid velocities (>11 km./sec.), there are 
appreciable inconsistencies.® 

In the absence of better information, Whipple? 
adopted a relatively simple, admittedly crude, quasi- 
rational penetration model which depicts the cratering 
process as involving the displacement of target mate- 
rial through vaporization. This leads to a relationship 
between crater volume and particle kinetic energy. 
For a specified crater geometry, the depth of penetra- 
tion can then be determined. Whipple assumed a 
60° conical crater.2 This is probably a conservative 
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extreme. Kornhauser’ has gathered and exa: ined 
large quantities of data on craters produced by ex 
plosions and projectiles, with impact velocities (or, in 
the case of explosives, estimated equivalent iipact 
velocities) less than those of meteoroids, of course. 
For the range of conditions represented by this infor. 
mation, he finds the maximum penetration (peak value 
of an empirical curve fit to the data) to be given by 


h = 0.8V"¥3 (2) 


where / is the penetration depth, and V is the crater 
volume. Some isolated points from among his data 
indicate penetrations as high ash = 0.9V"?. Whipple's 
assumption of a 60° conical crater implies a penetration 


h = (3) 
Whipple's theory gives the crater volume as 


V = U/prS (4) 


where U is the particle kinetic energy, pz is the density 
of the target material, and ¢, is “the heat required to 
remove the material from the surface,” which “is 
taken as the heat of fusion.”* The data assembled 
by Kornhauser included a wide variety of target 
materials (metals, clay, sand, soil, wax, concrete, and 
plaster of Paris) and a diversity of impact or cratering 
conditions. Even after Kornhauser’s attempted cor- 
relation, the data show considerable scatter. He 
puts forth the following equation as an empirical fit: 


17.5(U, E7)(Er (5) 


where F is the modulus of elasticity of the target ma- 
terial and /) is a reference modulus of elasticity (corre- 
sponding to 10° psi).7 

A variety of other empirical equations have been fit 
to experimental penetration data obtained at impact 
speeds considerably below the speeds of meteoroids. 
A number of these relationships can be expressed in 
the following form :* 


h = yd(p,/pr)*(v/c)? (6) 


where d is the diameter of the impacting particle or 
projectile, p, is the density of the particle, p, is the 
density of the target material, v is the velocity of the 
projectile, c is the velocity of sound in the undisturbed 
target material, and y, ¢, and 6 are empirical param: 
eters. The values given for y, ¢, and @ are not consist- 
ent among the various proposed equations. Hender- 
son® quotes Summers’ modification of the work of 
Charters and Locke who “correlated a considerable 
number of data points obtained by firing small spheres 
into copper and lead targets at velocities up to 11,\00) 
feet per second.”’ The value of y is given as 2.28, and 
a value of 2/3 was reported for both @ and ¢. In coml- 
menting on such results, Bjork’ emphasizes that they 
“arise from empirical fits to experimental data taken 
for the most part below 3 km./sec.” Referring als0 
to the work of Kornhauser cited previously, he remarks 
that ‘both empirical fits... by no means fit all of the 
experimental data well, and this fact, added to the 
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usual danger of extrapolating empirical fits over an 
order of magnitude in the independent variable, renders 
their applicability to the meteoritic impact regime 
questionable.”” He emphasizes the lack of ‘direct 
experimental evidence relative to the effects of such 
high velocity particles on a target,” noting that “‘to 
date it has not been possible to accelerate particles of 
well defined mass and velocity to meteoric speeds in 
the laboratory.”’! From theoretical studies based on 
a rational analysis of hypervelocity impact and pene- 
tration, Bjork has made calculations of the cratering 
process at impact velocities of 5.5, 20, and 72 km./ 
sec.'? Thus far, the calculations have been limited 
to steel and aluminum targets and projectiles of the 
same material at normal incidence.! Bjork notes that 
the calculations agreed with experimental results for 
aluminum and iron in the velocity range between 6 
and 7 km./sec. The results, which could be well fit 
by an equation of the same form as Eq. (6),° indicate 
a value 6 = 1/3. This implies that the penetration 
process is governed essentially by momentum con- 
siderations, as suggested by Sandorff.5 These calcu- 
lations afford no opportunity to assess the value of ¢ 
because the projectile and target were assumed to be 
of the same material. Bjork comments, “‘The use 
of a density correction factor of the form (p,/p,)° is 
subject to a great deal of conjecture, as it rests on no 
firm theoretical basis. . . . Since for a given mass, d 
is proportional to p,~‘'/*, the general penetration 
law... has the form 


so that / is independent of p, for ¢ = 1/3. For this 
reason the author (Bjork) favors the value ¢ = 1/3 

” According to the results of Bjork’s calculations, 
the value of y can be computed to be about 3.9 for 
aluminum impacting on aluminum and 3.1 for steel 
on steel, if the target materials are considered to be 
thin sheets. Bjork states that although his “‘calcula- 
tions were made for thick targets, . . . enough informa- 
tion was obtained to deduce that if a projectile pene- 
trates a depth / in a thick target, it will just penetrate 
a sheet of the same material which is 1.5 h thick.” 
Although there have been a number of attempts, as 
mentioned previously, at theoretical treatment of the 
problem of hypervelocity impact and penetration, the 
work of Bjork is considered by many investigators to 
be the most significant to date. 

With regard to the evaluation of the factor y, it is 
interesting to transform the equations of Whipple and 
Kornhauser—Egs. (4) and (5)—into the form of Eq. 
(6). In each case, @ takes on the value 1/3 and 6 be- 
comes equal to 2/3, while the values shown in Table 1 
may be computed for y, depending upon the value 
selected for the ratio h/V'/*—see Eq. (2)—and upon 
the material under consideration. 

It is seen that for a given value of h/V/*, y depends 
in each of the formulations in Table 1 somewhat upon 
the material under consideration. For h/V'/* = 1.0, 
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y lies in the vicinity of 1.5 to 2.5 for the materials 
indicated. It is interesting to note the rather mocest 
variation of y between these two formulations, although 
the variation is by no means consistent. However, 
the greatest difference between the two sets of values 
is only a factor of 1.4. Nevertheless, too much signifi- 
cance must not be attached to these results, because, 
as was noted before, Kornhauser’s formulation, which 
is essentially devoid of any rational foundation, is only 
a rough, attempted empirical correlation of a great 
deal of rather diverse data. Whipple* states that 
there is little justification for his formula. Sandorff 
comments that to calculate “depth of penetration by 
equating particle kinetic energy to the heat required to 
melt .. . the skin material . . . is obviously unrealistic 
as a result of the assumption, implicit in the derivation 
of crater depth, that the target material would be semi- 
infinite and ductile in nature. For such a material, 
Whipple’s calculated crater depth is within 4 per cent 
of Rinehart’s experimental relation for hypervelocity 
(~15,000 fps) impact'* although the observed crater 
is larger in volume and semi-spherical. Actual hull 
structure, however, will be of finite thickness elas- 
tically supported, and the damage caused by meteor 
impact will be largely governed by momentum con- 
siderations.” Bjork’s calculations’ indicate essential 
dependence of the cratering process on momentum 
considerations even for semi-infinite target materials. 
Whipple’s model, on the other hand, postulates that 
crater formation at meteoroid velocities is controlled 
by energy processes. This point of view is not without 
defenders. Henderson*® remarks, “All of the experi- 
mental work reported so far has been concerned with 
relatively solid projectiles, spherical or cylindrical 
pellets of copper, lead, steel, etc. This raises the 
question—How will frangible particles of the very low 
density as postulated by Whipple and others behave? 
Beard suggests that the energy of such particles may be 
more important than their momentum. This is equiva- 
lent to saying that @ [in Eq. (6) ] is nearer 2/3 than 1/3.” 
It is to be hoped that current and projected theoretical 
and experimental research programs will provide the 
answers to this question and others regarding the na- 
ture of important phenomena in hypervelocity impact 
and penetration. 

In the absence of such information and until such 
results are forthcoming, the best that can be done is to 
employ an expression such as Eq. (6) for design studies, 
and to investigate the effects on shielding requirements 
of variations in the uncertain parameters in that 
relation. 

It should be pointed out that, in the past, uncertain- 
ties in meteoroid environmental information were s0 
great that uncertainties in penetration dynamics were 
not too serious, and a relatively simple penetration 
model sufficed. With the increasing accumulation of 
better information on the meteoroid environment, this 
situation is changing, and a better understanding of the 
mechanical processes occurring during hypervelocity 
impact is imperative. 
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Next time you tackle an air regulating problem—actuation, 
tank pressurization, de-icing, air conditioning, or what 
have you—on aircraft, missiles, or ground support equip- 
ment, call Janitrol. We got a head start years ago in de- 
signing valves for combustion equipment, are now making 
valves in quantity with some of the most advanced pro- 
duction equipment in the business. 

The valve illustrated is a good example of Janitrol’s 
ability to combine several functions in a single unit (this 
one valve does the work that used to take seven) and thus 
bring about important weight savings. 

We are currently working on hot valve problems as well 
as cryogenics. We also invite inquiries on high perform- 
ance duct couplings, supports, and heat exchangers. 
Janitrol Aircraft, 4200 Surface Road, Columbus 4, Ohio. 


(ANITROL AIRCRAFT 


pneumatic controls - duct couplings & supports - heat exchangers 
combustion equipment for aircraft, missiles, ground support 


A division of Midland-Ross Corporation 
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Design Presentation 


Eq. (6), for the depth of penetration / of a projectile 
into a target, will be used to express the required thick- 
ness of meteoroid shielding, 


(7) 
where 


thickness of meteoroid shield 


diameter of striking particle that will just penetrate 
shield 
p, = density of particle 
pr = density of target material 


velocity of particle 
velocity of sound in undisturbed target material 


oil 


Since the mass of the striking particle is 


m = 4/3x(d/2)*p, and c= VE,/ Pr 


where E7 is Young’s modulus of the target material, 
Eq. (7) can be written 


[@-(1/3)] 


t, = 1/3 99 
(1/2) 


or written as 


[¢—(1/3)] 
pr! / ( Er Pr 


As given by Eq. (1), the flux of meteoroids is 
Fy = am 


where F, is the average number of particles per unit 
time per unit area which have mass m or greater, and 
a and 6 are empirical constants. The average num- 
ber of particles with masses equal to or greater than 
m striking a vehicle of exposed area A during a time 
interval 7 is 


Ns F,Ar am (9) 


The mass m in Eq. (8) is the mass of the meteoroid 
which will just penetrate a shield of thickness ¢,. Using 
Eq. (9) to express this mass in terms of the number of 
particles with that mass or greater striking the vehicle, 
one finds that Eq. (8) becomes 


(p,/p Ar \1/38 


The dependence of the shield requirements on material 
parameters is given by the terms in the square brackets 
in Eq. (10). 

The values of y for various materials are not well 
known and seem to depend somewhat upon the formu- 
lation employed—i.e., the particular values of ¢ and 
6, etc. This was discussed to some extent in the pre- 
vious section, and for two specific developments (those 
of Whipple and Kornhauser) the values of y were indi- 
cated. To the extent that any significance could be 
attached to these results, it was seen that y did not ap- 
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pear to vary very much among the various materials 
considered. Lacking the necessary fundamental in- 
formation for an adequate assessment of the value of 
y, and in the absence of any empirical information ap- 
plicable to the pertinent hypervelocity regime of 
meteoroid impact conditions, y will be assumed to 
remain essentially constant for various target mate- 
rials (for fixed values of the parameters 6 and ¢) in the 
study to follow. Having adopted this expedient, one 
finds that the dependence of the shield thickness on 
material parameters is isolated in the factor, 


—(1/3)] / 3) — (6/2 2 
(p,/ ( ppl ) — E,” 


Since the shield thickness is proportional to this term, 
one need only study its values for various materials in 
order to assess their relative merits. Actually one must 
examine the relative shield weights for the different 
materials, so that one is interested in the quantity, 
p,ts. Hence, the quantity, 


— (1/3 1/3) — (6/2 2 
‘p,)'* (178)1 7 1.73) (0/2)) 


2/9) + 0/217 0/2) (11) 


is proportional to the meteoroid shield weight and iso- 
lates the effects of material properties on the shield 
requirement. A comparison of its values for various 
materials and for a range of pertinent values of p,, 
¢, and 6 will indicate the relative merits of the materials 
considered for this application. It has not yet been 
conclusively established whether the majority of 
meteoroids of concern for the problem of shield design 
have very low densities of the order of 0.05 gm./ce. or 
whether a stony density around 2.7 gm./cc. is more 
pertinent. Values of ¢ and 6, for a number of theoreti- 
cal and empirical formulations, seem to range between 
about 1/3 and 2/3. It can be readily seen from Eq. 
(11) that, if ¢@ = 1/3, the shield weight becomes inde- 
pendent of the meteoroid density p,. If ¢ # 1/3, 
since the ignorance in the actual value of ¢ is such that 
the pertinent range of ¢ to be investigated seems to be 
from about 1/3 to 2/3, one will have @ > 1/3. In 
that case, the shield weight will always be less than 
that calculated for ¢@ = 1/3, unless p, > p,. That 
is to say, ¢ = 1/3 will give a more conservative estimate 
of shield weight than any value of ¢ > 1/3, unless 
P, > pr. For all the metals to be considered, if p, = 
0.05 gm./ce., then pp < pz always. Only if pp, = 2.7 
gm./cc., and for metals such as beryllium and mag- 
nesium, is pp > pr. For the metals to be considered in 
the following study, @ = 1/3 gives the most conservative 
estimates of shield requirements, except for beryllium and 
magnesium. For these metals, values of ¢ > 1/3 and 
Pp = 2.7 gm./ce. result in more severe shield require- 
ments. Comparative shield weights are indicated 
in Table 2 for several materials. For the reasons out- 
lined above, values are shown for ¢ = 1/3 with @ = 1/3 
and 2/3 (shield requirements being independent of 
p, when @ = 1/8); relative weights are also givell 
corresponding to ¢ = 2/3, with 6 = 1/3 and 2/3, for 
p, = 2.7 gm./ce. 
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“frequency ranges fre 
20c to 2000 Me; | | 20¢ to 500Kc in 5 Ranges 
Type 1210-C Unit R-C Oscillator 
$180...+3% accuracy — 
low-Z sine wave (80-mw/7v); 


high-Z sine wave (40-mw/45v); 
square wave (0-30 v p-p). 


0.5 to 50 Mc in 2 Ranges 
Type 1211-B Unit Oscillator...$295 
+2% accuracy — 1500 mw (0.5 
to 5 Mc), and 500 mw (5-50 Mc) 
into 50-ohm load. 


Type 1215-B Unit Oscillator...$210 
+1% accuracy — 100-mw mini- 
mum output into 50-ohm load; 
200 mw over most of range. 


Type 1209-BL Unit Oscillator... 
$260 + 1% accuracy—300-mw out- 
put into 50-ohms; 400 mw over 
most of range. 


Type 1209-B Unit Oscillator...$260 
+1% accuracy — 200-mw output 
into 50-ohms; 300 mw over most of 
range. 


Type 1208-B Unit Oscillator...$230 
+2% accuracy — 200-mw output 
into 50-ohms; 400 mw over most 
of range. 


1214 SERIES 
FIXED-FREQUENCY 


900 to OSCILLATORS 
2000 Mc Type No. | Frequency JAccuracy Output Price 
2700 to 7425 Mc | 1008 ¢ | «29% |200mw/60v $75 


Depending on Klystron used 


1214.0 120c | =2% |400mw/60v | $100 
Type 1218-A Unit Oscllator..$465 ator, (ess Klystron) 40- mw 1214-€ | | *2% |s00mw/2ev | $75 
+17% accuracy — 200-mw output output into 50-ohms. 1 Me [ =1% [300mw/7v | $75 


into 50- : 
to S0-chms (All 1214 Oscillators have built-in power supplies) 


U Type 1201-B... $85 
Power Supply 

; _ 300 v de, regulated to 


+0.25%, 70 ma; 6.3vac at 
4a, unregulated 


Type 1203-B...$45 


Power Supply 
6.3 v ac at 3 amp; 
300 v de at 50 ma. 


Write For Complete Information GENERAL RADIO COMPANY [bic test instuments 


WEST CONCORD, MASSACHUSETTS In Electronics 
NEW YORK, WOrth 4-2722 CHICAGO PHILADELPHIA WASHINGTON, D.C. SAN FRANCISCO =e ANGELES IN CANADA 
NEW JERSEY, Ridgefield, WHitney 3-3140 Oak Park Abington Silver Spring Los Altos Angeles Toronto 


Village 8-9400 winnie 4-7419 JUniper 5-1088 Whitecliff 8-8233 HOllywood 9-6201 CHerry 6-2171 


igh Performance, Economical = 
">," forthe laitratory 
| with G-R Dial Drives’ | 
if 


The values given in Table 2 are based on (or normal- 
ized with respect to) the weight of aluminum calculated 
for @ = 1/3 and = 1/3. 

Inconel and molybdenum were included to illustrate 
the capabilities of higher temperature range metals 
relative to the more common structural metals for 
meteoroid shielding applications. Beryllium appears 
to be a very effective shielding material; however, the 
lack of ductility of the current commercial product 
might tend to compromise the validity of such predic- 
tions as these, rendering the indicated estimates some- 
what suspect in the case of beryllium. Furthermore, 
it is important to point out that the comparative figures 
in Table 2 are calculated from material properties based 
on room temperature conditions. If the vehicle design 
should be such that outer skin temperatures of the 
order of several hundred degrees have to be sustained, 
the use of a material such as magnesium might have 
to be avoided (where the meteoroid shield is the outer 
skin) because of the likelihood that, at these high tem- 
peratures, reduced mechanical properties might seri- 
ously impair the shielding effectiveness with respect to 
the indications of Table 2. 

It is interesting to note that, in terms of shielding 
effectiveness, the ordering of the various metals in 
Table 2 is the same for all the combinations of values 
of @ and ¢ considered. The metals with higher tem- 
perature capabilities, of which Inconel and molybde- 
num are representative, appear to be less effective 
meteoroid shielding materials than the more common, 
lighter weight structural metals. 

Having examined these implications of the effects of 
material properties on shielding requirements, con- 
sideration will now be given to general methods of 
constructing design charts and presenting design in- 
formation. Eq. (10) will be written 


t, = fN, 9/30) 


where ¢, = required shield thickness, V, = average 
number of particles which penetrate a shield of exposed 
area A in time interval 7, and 


(13) 


The symbol v appearing in Eq. (10) to denote the ve- 
locity of the penetrating particle has here been replaced 
by 3, to indicate that the average velocity of meteoroids 
will be used. All the other quantities involved in Eq. 
(13) have been defined and discussed in some detail 
previously. 

~ The quantity V. in Eq. (12) gives only an average 
number of penetrations. Given this average, in order 
to assess the probability of occurrence of any specified 
number of penetrations in a designated time interval, 
knowledge of statistical distributions is necessary. 
Lacking such empirical information, one is forced to 
rely on theoretical probability models developed 
through rational analysis from certain basic assump- 
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tions which seem reasonable, logical, and applicalle to 
the particular physical phenomenon under consicera- 
tion. The occurrence of meteoroid penetrations «f the 
skin of a spacecraft is one of a class of statistical or 
random processes which can be reasonably expected to 
be described by the Poisson probability law. This 
mathematical model gives the probability (7) of 
n penetrations in terms of the average number of pene- 
trations as 


p(n) = (N" e-N>/n) (14) 


It should be pointed out that recent satellite and 
rocket probe measurements seem to indicate that 
meteoroid impacts tend to occur in groups or clusters, 
This could imply a violation of some basic assumptions 
underlying the development of the Poisson model, 
However, in the absence of an empirical distribution 
based on statistical analyses of satellite data, the Pois- 
son law will be employed here for want of a better 
mathematical model. From Eq. (14) it will be seen 
that the probability p(.V) that the number of penetra- 
tions will be equal to or less than WN is related to the 
average number of penetrations V. by the expression 


P(N) = (Ny (15) 


Eqs. (12) and (15) isolate the effect on shielding re- 
quirements of the “design criteria parameters’’ p and 
N. The relationship between V, the maximum num- 
ber of penetrations to be tolerated; p, the design reli- 
ability or probability that the number of penetrations 
will be equal to or less than N; and the design param- 
eter ¢,/f is shown graphically in Fig. 2 for several values 
of the meteoroid environmental parameter 98. The 
values indicated for 8 afford a reasonable assessment of 
the effect on shielding requirements of uncertainties in 
the value of this parameter. The effect of 8 for the 
range of values studied is seen to be rather small for 
small values of N—that is, if the number of penetra- 
tions to be tolerated is less than around four or five. 
On the other hand, increasing the required design reli- 
ability from, say, 90 to 99 per cent, incurs a consider- 
able penalty in shield requirements for values of .\ less 
than about 2. Conversely, increasing the number of 
penetrations which can be tolerated leads to a signifi- 
cant reduction in required shielding. 

Next, the effect of the ‘‘mission and vehicle input 
parameters” can be isolated by writing Eq. (13) as 


f = flan)” 
or = 


where A = exposed area of vehicle or area to be 
shielded, and 7 = design time interval. 


In Fig. 3, f/f: is given graphically as a function of the 
vehicle and mission parameter Az for several values 
of the meteoroid environmental parameter 8. Figs. 
2b and 3 are master design curves, from which, for 
any selected values of the design criteria parameters 
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N and p, and the meteoroid environmental parameter 
8, and for any specified values of the “mission param- 
eter’ Ar, the value of the design parameter ¢,/f; can 
be found 


te/fr = (17) 


As can be seen from Eq. (16), f; contains the dependence 
of the shield thickness on the meteoroid environmental 
parameters @ and 8 and on the meteoroid characteristics 
gand p,, as well as the penetration parameters y, ¢, and 
@ and the material properties p, and Ey. The present 
state of the art is such that current estimates of the 
values of a, 8, 3, p,, y, 6, and @ are uncertain to a greater 
or lesser extent. In order to assess the effects of these 
uncertainties on the shielding requirements, it becomes 
necessary to study a reasonable range of variation 
about the best current estimates of each parameter. 

Tables 3-6 will give values of the various factors 
comprising the function f; for several pertinent values 
of the parameters a, 8, 3, p,, ¢, and 6. Best current 
estimates place a somewhere between 1.0 X 107'§ and 
1.3 X 107 in egs units—that is, if the meteoroid flux 
is expressed as number of particles per square centi- 
meter per second. For purposes of the engineering 
calculations of interest here, it is more desirable to 
express areas in square feet and time in hours. Table 
3 gives values of (a)'/*8 for the values of a indicated 
and for several values of 6. Best current estimates 
assign 8 a value of approximately 1.1. 

Table 4 gives values of the factor #°p,.'°/? ~*!/E,"”? for 
several materials, with ¢ = 40 km./sec., and for @ = 
1/3, 2/3, and @ = 1/3, 2/3. The average meteoroid ve- 
locity @ for particles in the vicinity of the earth is 
estimated to be around 30 or 40 km. per sec. Table 5 
indicates the effect on shield thickness of variations 
in the quantity 3. The relative shield thicknesses are 
normalized with respect to the shielding requirements 
corresponding to 3 = 40 km./sec. Table 6 gives the 
factor p,'®-"/*! for @ = 1/8, 2/3, and p, = 0.05, 2.7 
gm./ec. For any selected combination of the param- 
eters a, 8, 0, p,, @, 0, the value of /; may be readily com- 
puted from Eq. (16) by use of these tables. The 
tables used in conjunction with the master design 
curves, Figs. 2b and 3, permit the calculation of re- 
quired meteoroid shield thicknesses for a number of 
materials, design criteria, mission and vehicle param- 
eters, and for any combination of meteoroid and pene- 
tration parameters consistent with state-of-the-art 
information: 


t, (cm) = (18) 


The quantity ¢,/f is obtained from Fig. 2b, f/f; from 
Fig. 3, and f; is computed according to Eq. (16), as 
follows: 


f= 1.24-y(a)!/38 0/2) 41/5, 9/2) (16) 


with values obtained from Tables 3-6. Appropriate 
values for the parameter y are not well known. This 
was discussed previously. It was pointed out then 
that some meager information seems to indicate y ~ 2 


when a value of around 2/3 is used for @. It was also 
noted that Bjork’s theoretical calculations yield 6 ~ 
1/3 and y ~ 3.1 for steel and 3.9 for aluminum. 

Computing the shield thickness ¢, according to Eq. 
(18) by means of this procedure will give f, in centi- 
meters. To obtain the thickness in inches, one must 
use the following relation: 


te = (inches) —(18a) 


Conclusion 


If changing state-of-the-art information requires 
extension of the tables or of the master design curves, 
all the necessary calculations can be made by means of 
the equations given herein. 

Detail design curves can also be developed from the 
tables and master design charts for specific materials 
and design criteria and for appropriately selected values 
of the meteoroid environmental and penetration 
parameters. Fig. 4, constructed for aluminum and 
based on specific design criteria, illustrates the effect 
on such detail design curves of variations in some of 
the meteoroid environmental and penetration param- 
eters. Figs. 5 and 6 are representative detail design 
curves which give the meteoroid shielding requirements 
for several materials for specific design criteria and 
meteoroid parameters. Fig. 5 gives the required 
shield thickness, and Fig. 6 shows the shield weight 
per square foot as a function of the product of shield 
area and design time interval—that is, the mission 
parameter Ar. It must be emphasized that these 
particular design curves are only representative samples 
of the sort of specific design charts that can be constructed. 
However, the particular combination of meteoroid en- 
vironmental and penetration parameters selected 
constitutes a consistent set of values leading to shielding 
requirements which may be regarded as conservative 
upper limits in terms of the current state of the art. 
The design criteria upon which they are based are also 
conservative. In light of these considerations it is 
interesting to note that the shield weights given by 
Fig. 6 do not seem unfeasible. Nevertheless, such 
weights do constitute a significant penalty, and the 
expenditure of considerable research effort is war- 
ranted in the hope that reduced shielding requirements 
may result if improved estimates based on more re- 
fined calculations become possible. 

In conclusion it should be mentioned that in the pre- 
ceding analysis the calculations do not take into account 
the possible effect of decreasing skin thickness caused 
by meteoroid cratering. Kornhauser” has made a 
conservative estimate of the magnitude of this effect 
and has shown it to be negligible for time periods even 
of the order of a year. 

Furthermore, it must be emphasized that only the 
simplest shielding concept has been considered in this 

discussion—a shield consisting of a single thickness 
of metal—that is, a single layer of armor. There are 
more sophisticated concepts, such as shields consisting 
of several sheets of metal spaced some distance apart. 
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However, the present lack of fundamental knowledge 
concerning the mechanics of hypervelocity impact 
and penetration processes thwarts any attempts at 
quantitative assessment of shielding requirements in 
this case because of complications introduced by the 
effects of spacing and by possible variable thickness 
ratios among the several walls, as well as by the possi- 
bility of fragmentation of the penetrating particle. 
Several investigators have conjectured that this con- 
cept might permit the use of very thin sheets,’ * ' 
at least for some of the layers, resulting in a weight- 
saving over a single solid shield by a factor estimated 
variously at from 2 to 10—and even as much as 100°. 
It appears to be a fruitful concept with promise of 
considerable potential weight-savings, and theoretical 
and experimental studies are now being undertaken. 
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Nomograms (Continued from page 13) 


the orbital plane. These figures present these rotation 
rates for various orbits as a function of the orbital 
inclination angle and semiparameter. 


Conclusion 


In conclusion, it should be noted that this set of 
figures provides a readily usable and efficient means of 
making preliminary calculations of orbital elements. 
The accuracy afforded is also good, being carried to 
three decimal places. This accuracy is generally 
superior to that afforded by the slide rule since, in 
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Table 1. Mathematical Relationships 


hand computations, numerical significance is lost in 
many of the equations which define the orbit. 
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 Nomograms for the Solution of Orbital Parameters (coninued) 
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Semimajor axis as a function of the radius and velocity at any point. 
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Fig. 3. Solution for eccentricity. 
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Shaped Charge Projection (Continued from page 25) 


noted that the total momentum produced decreases as 
the angular location of initiation increases within 
the range considered. The percentage of the cone mass 
in jet particles usually decreases as the angular location 
of detonation is increased. All of these data are for 
aluminum cones, and some materials will produce higher 
velocities when the proper detonation arrangement is 
used. 

A method of producing high velocity particles was de- 
vised using a wine glass configuration (Fig. 1) for the 
final stage and one conventional shaped charge stage as 
a booster. The booster stage was chosen to produce (1) 
maximum jet momentum, and (2) a jet having accurate 
alignment of the jet particles. Preliminary experi- 
mental work using this technique has not produced sig- 
nificant increase in particle velocity. It is believed that 
one of the major difficulties is that of aligning the jet 
particles of the first stage with the dynamic axis of the 
final stage. Also, the momentum of the jet is a small 
part of the total momentum produced. The wine glass 
liner shape of the final stage was devised to control the 
direction of the detonation waves in the second stage. 

The inherent advantages of this technique are: (1) 
better timing control in that the detonation of the final 
stage does not begin until momentum is transferred from 
the first stage, (2) minimum distortion of the charge by 
setback. 


Other Shaped Charges Reaction Technique 


The second technique utilizes the reaction produced 
by throwing off high-velocity particles to the rear. 
Thus, there are a series of stages having shaped charge 
cones facing in the rearward direction (Fig. 4). As the 
initiation progresses, the cone material is thrown rear- 
ward producing a net forward reaction. The final stage 
is a forward facing shaped charge which again adds the 
final component of velocity to the jet particles. The 
main problem involved is that of timing. The whole 
detonation process is completed in a matter of a few 
microseconds. Thus, much of the momentum may be 


added to the gaseous products rather than to the final 
stage jet particles. It is believed that a combination of 
fast reacting and slow reacting propellants would be 
needed to improve this technique to any significant ex- 
tent. Some degree of charge confinement would also 
be helpful but would involve a greater total mass. For 
instance, a charge designed as in Fig. 5 would combine 
layers of fast-reacting explosive with layers of slow-re- 
acting explosive in such a manuer as to permit mo- 
mentum transfer from the booster stage to be complete 
before the final detonation of the forward facing shaped 
charge. There are alternative means by which this 
may also be accomplished but, in general, they involve 
much greater charge mass per stage. 

It can be seen from the previous curves that detona- 
tion position and cone angle values may be chosen to 
produce (1) maximum momentum in the booster stages, 
and (2) maximum velocity in the final stage. 

A device was produced based upon a careful matching 
of these parameters. Again the device had one booster 
stage and one final stage. A charge of design similar to 
that in Fig. 6 produced encouraging preliminary results. 
An increase in velocity of about. 20 per cent was meas- 
ured. It is believed that this could be greatly increased 
by better matching of detonation to liner velocities. 
The limiting increase in velocity by one booster stage 
would be about 16,000 fps based on the maximum 
momentum indicated in Fig. 3. A second booster stage 
would produce an increase of about 9,000 fps. Thus, 
there is a practical limit to the number of stages. One 
of the great advantages of this technique is that the 
total mass of the final stage is small when the transferred 
forces from the reactions are accelerating it (Fig. 6). 
The limiting velocities from the booster stages may be 
estimated by considering the detonation wave velocity 
and the remaining mass at the time of the collapse of 
each booster cone. These are based also upon the total 
momentum in the collapsing booster cone particles. 

This device was encouraging and has the advantage 
that axial alignment is not critical. It is believed that 
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Fig. 4. Reaction technique (three-stage traveling charge). 
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further refinement of this technique may produce a good 
hypervelocity test device. 

There is some research in process to measure the exact 
mass-velocity distribution in the particles from shaped 
charges. This, of course, is necessary to the application 
of shaped charges to hypervelocity research. 


Next Steps 


The traveling shaped charge has been shown to pro- 
duce velocities close to the meteoritic velocity range. 
If the major effect is reaction rather than confinement, 
velocities in the 60,000-fps range (18 km./sec.) could be 
achieved with only three stages and the particles would 
be considerably larger than micron size. Shaped 
charges are superior to conventional rockets as booster 
stages in that (1) the rate of transfer of momentum is 
more nearly matched to the shaped charge, and (2) the 
acceleration process takes places in a very small dis- 
tance. It is true that space is a critical limitation, es- 
pecially if the testing is to be done in a relatively inex- 
pensive vacuum chamber. A vacuum chamber is ad- 
visable, both to preserve the high velocity of the jet and 
to simulate other space environmental conditions. 


References 


1 Cook, The Science of High Explosives; Reinhold Publishing 
Corp., New York, 1958. 

* Birkhoff, Macdougall, Pugh, and Taylor, J. Appl. Phys., Vol. 
19, p. 568, 1948. 


Beginning January, 1961 


The IAS will publish a separate monthly 
INTERNATIONAL AEROSPACE ABSTRACTS 
For details of this new service turn to page 98. 


Aerospace Engineering ¢ December 1960 


Reactor Cores (Continued from page 15) 


From the core diameter and the void fraction, the 
flow area is calculated; then an estimate of the nuniber 
of flow passages desired, or the approximate passage 
diameter, fixes the design. Entering the plot with 
these data, the required gas flow is found. Con- 
versely, if the gas flow is known, the number of flow 
passages necessary and passage size can be determined; 
or in the event these latter two are known, the required 
temperature difference can be estimated. Once the 
temperature difference is known, the axial power 
distribution necessary can be calculated and compared 
with the desired profile. 

With these data, the continuity equation will give 
the gas pressure for a preselected flow Mach number; 
this latter quantity is assumed low to minimize pres- 
sure loss. Mach number, flow area, and pressure are 
all simple functions of each other which permits them 
to be juggled quite easily for final design point de- 
termination. The continuity equation in terms of 
flow Mach number is 


P = (12) 


The first iteration will now indicate the practicability 
of the configuration so the appropriate variation in 
the geometry or state of the gas can be introduced 
where necessary to arrive at the final configuration. 

Once a geometry is established, the system pressure 
drop can be determined from Fanno and Rayleigh line 
computations based on the inlet Mach number, length- 
to-diameter ratio of the passage, and the temperature 
rise. This latter quantity is computed from the gas 
flow and specific heat of the gas. 

For the computation of system pressure loss charge- 
able to heat addition, the Rayleigh line relationships 
are 

— (ek + 1)M*2 + — 1)M*) (13) 
(1 + 
P, k+1 + (k — 
1+ki? k+1 


and 


The starred values are those at the critical Mach 
number and, as will be shown, need not be evaluated. 


These parameters are tabulated in the literature? as | 


functions of Mach number; therefore, computation 
may be reduced to a minimum. These equations, or 
the tabulated data, can be used to estimate the pressure 
loss incurred by the heat addition, usually called the 
momentum pressure drop. By knowing the stagna- 
tion temperature rise across the core, a ratio of Eq. 13 
at inlet and discharge conditions can be established, 
and the final Mach number determined. This is done 
by computing 7,/7,,* based on 4); then, multiplying 


+ See, for example, Keenan, Joseph H., and Kaye, Joseph, 
Gas Tables; John Wiley & Sons, Inc., 1950. 
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this value by 7, and dividing by 7\,, discharge tem- 
perature ratio is found, and .1/, can be calculated from 
Eq. 13. With the inlet and discharge Mach numbers 
known, a ratio of Eq. 14 at each Mach number is 
established in the same way to calculate the stagnation 
pressure ratio between discharge and inlet, and hence 
the pressure loss. 

The effect of friction is taken into account by the 
Fanno line equations: 


mar 1— k + 
2k 


+ 1)M? 
n 
2+ (k — 1)M? 


(15) 


This friction loss function can be computed based on 
the cold-flow (i.e., 7; = 7 >) inlet Mach number; the 
cold-flow discharge Mach number can be evaluated 
by adding the calculated friction loss factor to this 
result, thus: 


D H 2 D H 1 D H 
and solving Eq. 15 for discharge Mach number, or 
locating the value in the tables and reading the corre- 
sponding Mach number. 
The stagnation pressure ratio across the reactor as 


a result of friction loss is then a ratio of Eq. (17) 
evaluated at inlet and discharge conditions, re- 


spectively. 
P, 172+ (k -— (k+1)/[2(k-1)] 
ol an 


The total stagnation pressure loss from momentum 
and friction is then 


Pa Pa momentum 
Fa 2) 
18 
( Pa friction ( ) 


In addition to these losses, appropriate inlet and 
discharge losses should be included, but proper design 
will minimize them. 

Caution must be used in the selection of geometry 
and initial Mach number so that the critical Mach 
number is not reached either because of friction or 
because of heat addition. Therefore, the discharge 
Mach number should be computed once the discharge 
pressure and temperature are known. 

Occasionally, many of the previously mentioned 
variables are fixed by conditions external to the reactor. 
In this event, the aforementioned procedure can be 
used with fewer iterations than are necessary in the 
use of Fig. 2. As an example: A core is needed to 
supply 10 mw. of power, the coolant is air, the core 
geometry is to be a squared cylinder 2 ft. in diameter. 
Criticality considerations dictate a void fraction of 
30 per cent, and the desired wall-to-gas-temperature 
difference is 500°F. Because of structural considera- 
. tions, the gas pressure should not exceed 200 psi; 
; the coolant passages should be as large as possible 


for ease of manufacture, the maximum gas temperature 
is to be 2,000°F. 

From Fig. 1, in the range of interest the parameter 
B is approximately 3.0 to 3.2; therefore, a value of 
3.1 may be used and reiterated if necessary. This is 
substituted into Eq. (11), and Fig. 2 is constructed. 

Assume the passages to be 0.5 in. in diameter 
(0.0416 ft.); then, for 10 mw., 


Ay = VrAr = 0.942 ft.? 
n = A,/Ay = 694 
Then, from Fig. 2 with 
= 69.4 ~ 70 per mw. 
w/Dy = 401 Ibs./sec./mw.-ft. 
= 401(0.0416) = 16.7 lbs./sec./mw. 


Total flow is 167 Ibs./sec. 

Inlet gas temperature can be calculated, assuming 
the specific heat of air to be constant at 0.24 B.t.u./Ib. 

R. 


= wCp(T2 — T)) 
= — (Q,/wCp) 
Ty = 


This temperature can also be determined from enthalpy 
considerations. The inlet Mach number is selected 
to give low pressure drop, say 0.1; then from Eq. 12, 
assuming that total temperature is equal to static 
temperature for low Mach numbers, 


= 3 (2,220) 
0. 0.942(0.1) 1.4(32.2) 


P, = 91,000 psf =630 psi 


This is in excess of the prescribed limit and, therefore, 
an adjustment must be made in the various parameters. 
In this case, the wall-to-gas-temperature difference 
and the flow Mach number can be increased, depending 
upon material properties and pressure loss; or the 
flow passage diameter can be reduced which also incurs 
additional pressure drop. Maximum core material 
temperatures and the reactor power profile also in- 
fluence the amount of adjustment possible. This 
example is left to the interested individual to complete 
since no “‘right’’ answer exists because of the many 
avenues open. 

It is apparent that any of the many parameters 
may be specified to produce variations of the basic 
map, and these can be used to study the effect of the 
variables during optimization studies. An example 
of this is shown in Fig. 3 where the known data are as 
specified on the curve. In this example, which is for 
a closed-cycle gas turbine, the temperature rise across 
the reactor is constant, so the momentum pressure 
drop is constant and system pressure loss is dependent 
only on the L/D, of the flow passages. 

This procedure is not restricted to design point 
selection; it is also usable for off-design analysis of 
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known geometries. For analysis of reactors with 
coolant passages other than circular, the equivalent 
diameter can be used with reasonable accuracy: 


A(cross-sectional area) 
wetted perimeter 


To a large extent the accuracy of this method is 
dependent on the variation of the heat-transfer modulus 
over the range of temperatures incurred in the study, 
and in some applications it may be desirable to break 
the reactor into axial segments and analyze each 
separately to reduce the effect of this variation in 
thermal properties. 


+ + + 


Algae (Continued from page 29) 


Lighting in our system was designed for the standard 
strain of Chlorella. According to Sorokin’ optimum 
growth of his thermophilic strain requires 30 times as 
much light. With more intense light and faster growth 
of the algae, less of it would maintain mice, and ulti- 
mately man. By calculation, our system would require 
about 100 gal. of 1 per cent algae (by volume) to support 
aman. Under our nonsterile, nonideal conditions, this 
is much higher than has been suggested by others® 
for the same organism. However, their life support 
system has not been described. 

Other strains of algae have been suggested as more 
efficient. In particular Brooks AFB have a thermo- 
philic blue-green algae mixture taken from Yellowstone 
National Park which shows promise. Disadvantages 
are the food toxicity and CO production of blue-green 
algae. In an attempt to find a higher temperature 
green algae, we have sampled several hot springs in 
Western Texas, Southern New Mexico, and Arizona. 
From about 50 samples we have four living samples, 
but their rates of growth are all less than that of the 
Sorokin strain of Chlorella pyrenoidosa. We shall 
continue this search for better algae. 


Conclusions 


(1) It is feasible to support life of animals for 28 days 
or longer with green algae in a closed system. 

(2) There is no accumulation of atmospheric in- 
gredients which are toxic even when no precautions are 


taken for absorbents or deodorizers other than those 
inherent in the system. 

(3) Bacterial growth in waste is an important con- 
sideration. Bacterial metabolism interferes with 
life support. 

(+) Rapid, reproducible, and sustained growth o/ the 
algae, harvesting and replacement of the medium, 
optimum lighting, provision for operation in the weight- 
less state, and balance of the R.Q. of animal and plant 
are needed for long-term use in space. 

(5) Thermophilic strains of algae which metabolize 
at more rapid rates may be discovered in nature. 
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Acoustics, Sound, Noise 


The Propagation of Sound in Relaxing Gases in 
Tubes at Low Frequencies. . H. Smith and H. 
J. Wintle. J. Fluid Mech., Sept., 1960, pp. 
59-38. 29 refs. Analysis considering the fre- 
quency dependence of the velocity and attenua- 
tion of sound waves in a gas which undergoes 
vibrational relaxation, At low audible fre- 
quencies the attenuations due to viscosity, ther- 
mal conductivity, and relaxation in the gas, add 
linearly, while the velocity is the relaxation veloc- 
ity diminished by the Helmholtz-Kirchhoff factor. 
The relations are confirmed experimentally. 
Measurements of the velocity of sound in a gas 
combined with an accurate equation of state can 
yield precise values for the specific heats of the 
gas. 

Boundary Layer Noise Research in the U.S.A. 
and Canada; A Critical Review. E. J. Richards, 
M. K. Bull, and J. L. Willis. U. Southampton 
Dept. Aeron. & Astron. Rep. 131, Feb., 1960. 
65 pp. 21 refs. Review of experimental and 
theoretical boundary-layer noise research in the 
US. and a collection of existing experimental 
data. Existing data tend to indicate that, for 
flight at Mach numbers up to 5, r.m.s. pressure 
fluctuation levels are not likely to exceed 150 db. 
It is concluded that the problem of structural 
fatigue from boundary-layer noise in this flight 
regime is to be particularly serious. However, 
such pressures are likely to provide a serious in- 
ternal noise problem inside supersonic transports 
and near delicate electronic apparatus. 

Aircraft Approach Noise Comes From Bypass 
Engine Compressors. F. B. Greatrex. AE 
Natl. Aero. Meeting, New York, Apr. 5-8, 1960, 
Preprint 162C.) SAE J., Aug., 1960, pp. 76-80. 

Le Bruit a Bord des Engins. Marcel Gout. 
Tech. & Sct. Aéronautiques, Mar.-Apr., 1960, pp. 
107-113. In French. Study of noise, its origin, 
characteristics, and propagation in_ ballistic 
missiles, covering means for simulating this type 
of noise in laboratory to test missile equipment. 

Radical Grids With Water Injection for Sup- 
pressing the Noise of Jet Engines. ef 
Wisniowski. Canada, NRC Aero. Rep. LR-281, 
Mar. 21, 1960. 28 pp. 13 refs. Discussion of 
experiments to suppress the noise from jet engines 
by introducing water into the core of the tubular 
arms. The method was tested in test cell and in 
field installations, and an overall noise-level re- 
duction of 31.5 db. was observed at a water flow 
rate of 259 Imp. gal./min. for a jet engine of 100 
Ibs./sec. mass flow. 


Momentum Exchange Silencers Cut 20 db 
From Jet Noise. E. J. Stringas. (SAE Natl. 
Aero. Meeting, New York, Apr. 5-8, 1960, Pre- 
print 162A.) SAE J., Oct., 1960, pp. 80-87. 


Aerodynamics, Fluid Mechanics 


Aerothermochemistry, Dissociation, 
Ablation 


On the Turbulent Boundary Layer of an Im- 
perfect Gas. I. Mezhirov. (Prikl. Mat. i 
Mekh., Jan.-Feb., 1960, pp. 93-99.) PMM— 
Appl. Math. & Mech., No. 1, 1960, pp. 120-128. 
Translation. Derivation of the equation of the 
turbulent boundary layer in an imperfect gas— 
ie., dissociated air. It is shown that the relations 
which hold for an ideal gas and which are based on 
the equations of motion, continuity, and energy 
only can be generalized to include the case of an 
imperfect gas by formally replacing temperature 
with enthalpy 


Inviscid Flow With Nonequilibrium Molecular 
Dissociation for Pressure Distributions En- 
countered in Hypersonic Flight. M. H. Bloom 
and M. H. Steiger. (JAS 28th Annual Meeting, 
New York, Jan. 25-27, 1960, Paper 60-26.) 
J. Aerospace Sci., Nov., 1960, pp. 821-835, 840. 
37 refs. USAF-sponsored research. 


Radiation Versus Mass-Transfer Effects for 
Ablating Re-Entry Shields of a Nonlifting 
Satellite. E. W. Adams. J. Aerospace Sci., 
Nov., 1960, pp. 868, 869. Discussion of the heat 
balance for previously investigated shields which 
Possess different values of the relevant material 
Properties and the surface radii of curvature, R. 


Ablation of Glassy Material Around Blunt 
Bodies of Revolution. Henry Hidalgo. (Avco 
Everett Res. Lab. RR 62, June, 1959.) ARS J., 
Sept., 1960, pp. 806-814. 19 refs. USAF- 
sponsored presentation of the steady state 
equations of motion for a thin layer of an incom- 
Pressible glass material on the surface of an 
ablating and radiating blunt body, which are re- 
duced to a first-order ordinary differential equa- 
tion that is integrated numerically. This solution 
is coupled with the solution of the air boundary 
layer for both laminar and turbulent heat transfer 


with or without mass vaporization of the ablating 
material. 


Aerothermodynamics 


c Measurements of Heat Transfer and Friction 
coefficients for Helium Flowing in a Tube at Sur- 
lace Temperatures up to 5900 R. M. F. Taylor 
and T. A. Kirchgessner. (ARS Semi-Annual 


Meeting, San Diego, June 8-12, 1959.) ARS J. 
Sept., 1960, pp. 830-832, 889-892. ; 


Calculul Rezistentei de Frecare si al Trans- 
ferului de Caldura in Stratul Limita Laminar din 
Apropierea Punctului Critic al unui Profil Diedric. 
Petre Bradeanu. Stud. Cerc. Mec. Aplic., No. 4, 
1959, pp. 1021-1040. In Rumanian, with sum- 
maries in Russian and French. (Also in Rev. 
Méc. Appl., No. 2, 1960, pp. 195-214.) Calcula- 
tion of the frictional drag and heat transfer in the 
laminar boundary layer in the neighborhood of a 
critical point on a dihedral profile. The case con- 
sidered is that of an incompressible fluid of con- 
stant viscosity, assuming that the heat content of 
the potential flow is also constant. 


Boundary Layer 


Boundary-Layer Equations and Their Boundary 
Conditions in the Case of Motion at Supersonic 
Velocities in a Moderately Rarefied Gas. Yu. N. 
Lunkin. (Prikl. Mat. t Mekh., vol. 21, 1957, pp. 
597-605.) U.S., NASA TT F-28, May, 1960. 
12 pp. ll refs. OTS,$0.50. Translation. Pres- 
entation of equations for a moderately rarefied 
gas, which differ from the ordinary Prandtl equa- 
tions by the presence of supplementary terms that 
contain higher derivatives of velocity and tem- 
perature, and in which the normal pressure 
gradient differs from zero and is expressed by 
supplementary terms. The boundary conditions 
for these equations are found, and the velocity and 
height limits of applicability are derived. 


On the Limiting Structure of the Edge of a 
Hypersonic Boundary Layer with Very Cold Free 
Streams. N. C. Freeman and S. H. Lam. 
Princeton U. Dept. Aero. Eng. Rep. 468 (AFOSR 
TN 59-690), May, 1959. 23 pp. Analysis, by 
means of conventional boundary-layer approxima- 
tions for a gas with arbitrary Prandtl number and 
viscosity law yu o T°, of the structure of the edge of 
a hypersonic boundary layer in the limit of zero 
free stream temperature. It is shown that for 
certain combinations of Pr and s, the velocity 
profile has a discontinuity in slope at the edge of 
the boundary layer. 


fahren von E. Truckenbrodt. N. Scholz. Ing.- 
Arch., vol. 29, No. 2, 1960, pp. 82-92. 12 refs. 
In German. Extension of Truckenbrodt’s quadra- 
ture method for laminar and turbulent boundary 
layers, broadening the application possibilities, im- 
proving the accuracy of the results, and simplify- 
ing the numerical calculation. 


A Note on the Recovery and Reynolds-Analogy 
Factors in Laminar Flat-Plate Flow. D. A. 
Spence. J. Aerospace Sci., Nov., 1960, pp. 878, 
879. Presentation of a method of determining 
recovery (r) and Reynolds analogy (s) factors by 
expanding the Taylor series of these factors in 
powers (¢ -1). 


Transition and the Spread of Turbulence on a 
60° Swept-Back Wing. N. Gregory. RAeS J 
Sept., 1960, pp. 562-564. Wind-tunnel investiga- 
tion indicating an abrupt change in the variation 
of transition position with the variation in inci- 
dence and wind speed, when instability of the 
secondary flow supersedes instability of the pri- 
mary flow as the cause of transition. The effect of 
excrescences on transition is also studied. 


An Approximation Method for the Integration 
of the Equations of a Nonstationary Laminar 
Boundary Layer in an Incompressible Fluid. 
L. A. Rozin. (Prikl. Mat. i Mekh., vol. 21, 1957, 
pp. 615-623.) U.S., NASA TT F-22, May, 
1960. 12pp. OTS, $0.50. Translation. Pres- 
entation of an approximate solution based on the 
use of the momentum equations and a certain 
one-parameter family of velocity profiles. 


Aspects of Insect Contamination in Relation to 
Laminar Flow Aircraft. Appendix I—Notes on 
the Aerial Insect Population. Appendix II— 
Method of Estimating the Suction Quantity Re- 
quired to Remove the Turbulent Boundary 
Layer of a Wing. G. V. Lachman. Gt. Brit., 
ARC CP 484 (Apr., 1959) 1960. 24 pp. 13 refs. 
BIS, New York, $0.63. Investigation dealing 
with insect contamination and erosion in flight 
and with the prevention and removal of fly con- 
tamination. It is shown that when the cruising 
altitude and speed of laminarized aircraft are high 
enough, fly accretions will be eroded to such an 
extent that the roughness Reynolds number will 
be subcritical. 


Flow of Fluids 


On the Theory of Motions of the Prandtl-Meyer 
Type. K.B. Pavlov. (Prikl. Mat. i Mekh., Jan.- 
Feb.,1960, pp. 165, 166.) PMM—Appl. Math. & 
Mech., No. 1, 1960, pp. 227-229. Translation. 
Analysis of the planar motion of the Prandtl- 
Meyer type, introducing a cylindrical system of 
coordinates thus making all quantities functions 
of ¢ only. 


Dimensionless Parameters for Viscous Simi- 
larity. A. G. Hammitt. Princeton U. Dept. 
Aero. Eng. Rep. 491 (AFOSR TN 60-226), Dec., 
1959. 6 pp. Analysis showing that both 
Reynolds number and ratio of static temperature 
to Sutherland temperature must be matched to 
simulate flows at hypersonic Mach numbers, if 
large differences of static temperature occur in the 
flow and the viscosity follows a two parameter 
Sutherland law. 


Recent Results in the Continuum Theory of 
Viscoelastic Fluids. B. D. Coleman and Walter 


Noll. Mellon Inst. Rep. (AFOSR TN 60-006), 
May, 1960. 85 pp. 28 refs. 


Supersonic Flow Past Oscillating Bodies of 
Revolution With a Frequency not Necessarily 
Small. Johann Muench. Munich Tech. Hochsch. 
Math: Inst. TN 8 (AFOSR TN _ 59-452) [AD 
215027], June 24, 1959. 13 pp. Presentation of 
the potential of linearized flow past bodies of rev- 
olution executing elliptic oscillations of arbitrary 
frequency. The potential is given in terms of 
Bessel and Legendre functions. 


Free-Flight Measurements of the Transonic 
Drag Characteristics of Low-Fineness-Ratio 
Cylinders Including Stabilizing Plates and Flares 
and Varying Nose Bluntness. J. H. Judd and 
G. E. Woodbury. U.S., NASA TN D-361, May, 
1960. 16 pp. OTS, $0.50. Presentation of the 
results of free flight tests performed with various 
blunt-nose bodies of revolution of low fineness 
ratio based on a right circular cylinder of fine- 
ness ratio of 2.0, to determine drag coefficients 
over a Mach number range from 0.6 to 1.2 and a 
range of Reynolds numbers per ft. from 4.0 X 
106 to 8.3 X 108. 


Fluctuating Lift and Drag Acting on a Cylinder 
in a Flow at Supercritical Reynolds Numbers. 
Y. C. Fung. (JAS 28th Annual Meeting, New 
York, Jan. 25-27, 1960, Paper 60-6.) J. Aero- 
space Sci., Nov., 1960, pp. 801-814. 36 refs. 

Zero-Lift Minimum Drag Hypersonic Bodies. 
Alar Toomre. Grumman Aircraft Eng. Corp. 
Res. Dept. Res. Rep. RE-110, Feb., 1959. 60 pp. 
Presentation of equations for the design of axi- 
symmetric (and certain polygonal cross-section) 
hypersonic bodies which represent either (a) a 
given cross-sectional area, or (b) a given volume 
to be conveyed through the air with a minimum 
combined pressure and skin friction drag. It is 
also shown how to find drag-optimizing bodies 
when the required cross section has arbitrary 
shape. 


Tensione Tangenziale nel Flusso Lungo una 
Lastra Piana. Ennio Mattioli. (16th Nail. 
Aero. Congr., Pisa, Oct. 6-12, 1959.) L’Aero- 
tecnica, Dec., 1959, pp. 290-294. 10 refs. In 
Italian. Presentation of results of wind-tunnel? 
measurements on a flat plate with zero pressure 
gradient. Similarity laws for turbulent boundary 
layers are considered. 


On the Theory of Unsteady Supersonic Gas 
Flow About a ing of Finite Span. A. D. 
Lisunov. (Prikl. Mat. i Mekh., Jan.-Feb., 1960, 
pp. 166-168.) PMM—Appl. Math. & Mech., 
No. 1, 1960, pp. 230-232. Translation. Analy- 
sis of the unsteady three-dimensional potential 
motion of an inviscid compressible fluid, yielding 
results which are applicable to the solution of 
problems associated with the determination of the 
aerodynamic forces on an elastic wing of finite 
span resulting from the action of an arbitrary 
aperiodic disturbance. The method is applied to 
the calculation of the air loads which act on an 
elastic aircraft as it encounters a vertical air gust 
of arbitrary spatial form. 


Effect of Slight Blunting of Leading Edge of an 
Immersed Body on the Flow Around it at Hyper- 
sonic Speeds. G. G. Chernyi. (AN SSSR 
Otd. Tekh. Nauk Izv., Apr., 1958, pp. 54-66.) 
U.S., NASA TT F-35, June, 1960. 19 pp. 23 
refs. OTS, $0.50. Translation. Extension of 
the theory of flow about slender bodies with 
tapered leading edges at hypersonic speeds. The 
piston and blast-wave theories are also used. Ex- 
pressions are derived for predicting the surface 
pressure distribution, the shape of the bow shock, 
and the drag of the bodies. Theoretical and ex- 
perimental results are compared for several of the 
bodies considered. 


On the Vertical Water-Exit and -Entry of 
Slender Bodies of Revolution: The Lifting 
Problem. J. P. Moran. THERM TAR Div. 
TN 601, Apr., 1960. 25 pp. Analysis of the 
lateral forces and moments experienced by a 
slender body of revolution passing vertically 
through the free surface of the water. The 
theory is linearized and restricted to situations in 
which the Froude number Fr is large. 


An Equivalence Principle for Water-Exit and 
-Entry Problems. J. P. Moran. J. Aerospace 
Sct., Nov., 1960, pp. 876, 877. Analysis showing 
that the pressures felt on a given body, passing 
through the water surface at a given speed, de- 
pend only on its location and orientation with 
respect to the surface, but not on the direction of 
its motion. Further, since in the inviscid approxi- 
mation the forces felt by a body are obtained by 
integration of the pressures, it is seen that both the 
magnitude and direction of the axial thrust are, in 
the case of vertical surface crossing, similarly inde- 
pendent of the direction of motion. 


On a Solution to the Equations of Magneto- 
Gasdynamics. I. M. Iur’ev. (Prikl. Mat. ¢ 
Mekh., Jan.-Feb., 1960, pp. 168-170.) PMM— 
Appl. Math. & Mech., No. 1, 1960, pp. 233-237. 
Translation. Analysis reducing, under certain 
initial restraints, the equations of planar flow in a 
magnetic field parallel to the velocity field to a 
linear equation of the Chaplygin type. The re- 
sult is then applied to a problem in which there 
are no strong discontinuities. 


The Propagation of Waves Along and Through 
a Conducting Layer of Gas. G. S. S. Ludford. 
(U. Md. Inst. Fluid Dynamics & Appl. Math. TN 
BN-160, Feb., 1959.) J. Fluid Mech., Sept., 
1960, pp. 119-132. 
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Some Solutions of the Equations of One- 
Dimensional Magnetohydrodynamics and Their 
Applications to Problems of Shock Wave Propaga- 
tion. V. P. Korobeinikov and E. V. Riazanov. 
. Mat. i Mekh., Jan.-Feb., 1960, pp. 111- 
-) PMM—Appl. Math. & Mech., No. 1, 
1960, pp. 144-158. 15 refs. Translation. 


On a Class of Compressible Laminar Boundary 
Layers with Pressure Gradient for an Electrically 
Conducting Fluid in the Presence of a Magnetic 
Field. P. Lykoudis. JXth Internat. 
Astron. Congr., Amsterdam, Proc., 1958, pp. 
168-180. 14 refs. Reprint. Analysis of the 
magnetohydrodynamic boundary-layer problem 
showing that general similarity solutions for the 
equations of motion and energy do exist under 
certain assumptions. Velocity and enthalpy pro- 
files are calculated for different wedge-type geom- 
etries and different values of the ratio of the 
square of the Hartmann number to the kinematic 
Reynolds number. 


Plane Flows of an Ideal Gas With Infinite 
Electrical Conductivity, in a Magnetic Field Not 
Parallel to the Flow Velocity. M. N. Kogan. 
(Prikl. Mat. i Mekh., Jan.-Feb., 1960, pp. 100— 
110.) PMM—Appl. Math. & Mech., No. 1, 
1960, pp. 129-143. Translation. 


A Study of the Structure of the Magnetohydro- 
dynamic Switch-on Shock in Steady Plane 

otion. Z. O. Bleviss. (Douglas Rep. SM- 
23608, June, 1959.) J. Fluid Mech., Sept., 1960, 
pp. 49-67. 10 refs. 


Una Solucién Exacta en Magnetogasdinamica 
Transénica. Ignacio Da-Riva. Ing. Aero. & 
Astron., Jan.-Feb., 1960, pp. 1-7. In Spanish. 
Derivation of an exact solution to the problem of 
transonic magnetogasdynamics. Only the sta- 
tionary nondissipative motion is considered, and 
it is concluded that, in the presence of the mag- 
netic field, continuous isentropic flows can be ob- 
tained which have a larger Mach number than 
that in classical gasdynamic problems. 


On Electromagnetic Radiation in Magneto- 
Ionic Media. Herwig Kogelnik. J. Res., Sect. 
D - RP, Sept.-Oct., 1960, pp. 515-523. 16 refs. 
Presentation of a method of treating radiation 
problems in magneto-ionic (anisotropic) media. 
The method is illustrated by a discussion of the 
power radiated by an elementary dipole. 


Energy Release and Transformation (Fourth 
Quarterly Progress Report January-May, 1960). 
W. Meliroy. Republic Av. PPL TR 60-8, June 6, 
1960. 37 pp. 11 refs. USAF-supported sum- 
mary of results of investigations that include (1) 
pinch initiation and the subsequent dynamics, (2) 
electromagnetically induced detonations, (3) 
magnetohydrodynamic generation of electricity 
from a moving plasma, and (4) laboratory pro- 
grams and diagnostics. 


On ees Kinetic Equation for a 
Spatially Homogeneous Plasma. Andrew Le- 
nard. Ann. Phys., July. 1960, pp. 390-400. 
Analysis of Bogoliubov’s integral equation deter- 
mining the time development of the velocity dis- 
tribution of a spatially homogeneous plasma, 
showing that the time derivative of the velocity 
distribution can be expressed explicitly in terms of 
the distribution itself and that the resulting kinetic 
equation has all the required properties, in partic- 
ular, it satisfies the x-theorem. 


The Complex Conductivity of Plasma of an Arc 
Discharge Supported by a Direct Current. 
Jiri Kracik. (Czech. J. Phys., No. 6, 1956, pp 
264-276.) U.S., NASA TT F-24, May, 1960. 
15 pp. 27 refs. OTS, $0.50. Translation. 
Investigation yielding an expression for the com- 
plex conductivity of the plasma of an arc discharge 
supported by a strong d.c. for the case in which 
avery weak high-frequency current that does not 
affect the condition of the plasma passes through it. 


Scaling Relations for Plasma Devices. G. S. 
Janes. Avco Everett Res. Lab. RR 80 (AFOSR 
TN 60-367), Dec., 1959. 11 pp. Presentation of 
a set of scaling relations for plasma devices in 
which the dominant interparticle interactions 
occur as a result of coulomb collisions. These 
scaling relations have applications in the avoidance 
of redundant experimentation and in the design of 
laboratory scale experiments to simulate the 
principal conditions of interest to an engineering 
objective. 

Pinch Dynamics with Nonuniform Initial Con- 
ditions. Appendix A—Dissipation When an 
Initial Velocity Exists. Appendix B—The Limit- 
ing Process for the ‘‘Piston’’ Acceleration and for 
the Rate of Change of Inductance. W. J. Gu- 
man and Irving Granet. Republic Av. PPL 
TR 60-6, Jan., 1960. 22 pp. Navy-sponsored 
development of the basic equations of the ‘‘snow 
plow” pinch analysis in a constant area electrode 
geometry for the case of a pinch occurring in a 
fluid having initial velocity and density distri- 
butions. The geometry selected readily converts 
radial pinch motion to an axial motion. 


The Motion of a Conducting Piston in a 
Magnetohydrodynamic Medium. I. A. Akhiezer 
and R. V. Polovin. (Zhurnal Teoret. i Exper. 
Fiz., Feb., 1960, pp. 529-533.) Sov. Phys. - 
JETP, Aug., 1960, pp. 383-386. Translation. 
Investigation of the types of waves excited in a 
magnetohydrodynamic medium by a uniformly 
moving conducting plane (piston). The question 
of the resolution of an initial discontinuity is dis- 
cussed. 


Plasma and Astrophysics Research to Provide 
Accurate Data on Hot, Ionized Gases. Tech. 
News Bul., July, 1960, pp. 109-113. Presentation 
of the NBS unified approach to the problem of 
acquiring accurate data on the behavior of hot 
gases and plasmas Investigations of iono- 
spheric and solar phenomena, research on atomic 
properties and high-temperature gases, and 
studies of radio wave propagation in plasmas are 
discussed. 

Instability of Longitudinal Oscillations of an 
Electron-Ion Plasma. L. M. Kovrizhnykh and 
A. A. Rukhadze. (Zhurnal Teoret. i Exper. Fiz., 
Mar., 1960, pp. 850-853.) Sov. Phys. - JETP, 
Sept., 1960, pp. 615,616. Translation. Investi- 
gation of the instability of longitudinal oscillations 
of low-temperature electron-ion plasma, showing 
that in an isotropic plasma the oscillations are 
always damped, while in an anisotropic one the 
ion motion may lead to the appearance of solutions 
that increase with time—i.e., to instability. 

Fast Ion Heating. Daryl Reagan. (Phys. 
Rev. Letters, Feb. 1, 1959.) USAF OSR TN 
59-898 [AD 225320), 1959. 2 pp. Reprint. 
Presentation of an explanation for the fast ion 
heating observed in high-current ‘‘stabilized’’ gas 
discharges. 

Laminar Boundary Layer on an Infinite Disc 
Rotating in a Gas. V. P. Shidlovskii. (Prikl. 
Mat. 1 Mekh., Jan.-Feb., 1960, pp. 161-164.) 
PMM—ApDpl. Math. & Mech., No. 1, 1960, pp. 
221-226. Translation. Analysis considering the 
von Karman problem of an infinite disc rotat- 
ing at constant angular velocity and generating 
laminar motion in the fluid medium which is im- 
mediately adjacent to it. Solutions to this prob- 
lem, as well as to the heat transfer problem of the 
fluid under constant temperature conditions of 
the disc surface, are derived by solving the appro- 
priate gas dynamic problem with certain condi- 
tions and simplifications 

Determinarea Caracteristicilor Stratului Limita 
Tridimensional; Aplicatii la Cazul Palelor de 
Ventilator Axial. St. SAvulescu. Stud. Cerc. 
Mec. Aplic., No. 1, 1960, pp. 61-77. In Rumanian, 
with summaries in Russian and French. Exten- 
sion of a method of calculation, based on the con- 
sideration of certain types of velocity and tem- 
perature profiles, to the case of rotating surfaces. 
The two examples presented to illustrate the 
applicability of the method include (a) a flat plate 
rotating uniformly in its own plane in a com- 
pressible laminar flow, and (b) the blade of an 
axial fan in incompressible laminar flow, with the 
boundary flow lines being calculated for a given 
surface pressure distribution. 


Location of Frontal Wave in Asymmetrical 
Flow of Gas at High Supersonic Speed Over a 
Pointed Body. A. L. Gonor. (AN SSSR Otd. 
Tekh. Nauk Izv. Mekh. i Mashinostr., Sept.-Oct., 
1959, pp. 117, 118.) ARS J. Suppl., Sept., 
1960, pp. 841, 842. Translation. Theoretical 
and experimental investigation of the behavior of 
the shock angles in the plane of symmetry of the 
stream (in the shadow and on the windward sides) 
as functions of the angle of attack, the angle of the 
cone, and the Mach number of the oncoming 
stream. 


Calculation of Hypersonic Shock-Layer Flow 
Parameters, Knowing Shock-Layer atio of 
Specific Heats. A. B. C. Anderson. J. Aero- 
space Sci., Nov., 1960, pp. 873, 874. 


Note on the Sonic Freeze Concept. J. C. 
Gibbings. J. Aerospace Sct., Nov., 1960, pp. 
874, 875. Brief discussion covering the shock 
wave-pattern and indicating the boundary con- 
ditions observed when sonic speed is approached 
from above or below 


Spectroscopic Investigation of the State of the 
Gas Behind a Shock Wave. II. F.S. Faizullov, 
N. N. Sobolev, and E. M. Kudryavtsev. Optics 
& Spectroscopy, May, 1960, pp. 311-315. Trans- 
lation. Presentation of a photoelectric method 
for measuring the temperature of the gas behind a 
shock wave. The method is based on the measure- 
ment of emission and absorption intensities of 
spectral lines. The accuracy of the method is dis- 
cussed and the distribution of the shock-wave 
velocity along the shock tube is investigated. 


On Almost-Free-Molecule Flow Through an 
Orifice. V.C. Liu and G. R. Inger. J. Aero- 
space Sci., Nov., 1960, pp. 875, 876. USAF- 
supported analysis for the purpose of describing 
the flow parameters pertaining to the steady 
effusion from an orifice, the diameter of which is 
of the same order or smaller than the mean free 
path (A) of the reservoir gas 


The Cpateing of Molecules of a Thin Layer by 
a Low Density Supersonic Flow in Free oad 
cular Regime. F. M. Devienne and G. M. 
Forestier. Lab. Méditerranéen de Rech. Ther- 
modynamiques TN (AFOSR TN 60-317), Dec., 
1959. 27 pp. Investigation of the stability of 
thin cadmium and antimony layers in an air or an 
argon flow, showing that at the same temperature, 
the cadmium and antimony layers are less stable 
in a gas flow at high speed than in a vacuum. 


Transonic Rotational Flow Over a Convex 
Corner. Roberto Vaglio-Laurin. (Polytech. Inst. 
Bklyn., Dept. Aero. Eng. & Appl. Mech., PIBAL 
Rep. 431, Aug., 1959.) J. Fluid Mech., Sept., 
1960, pp. 81-103. 13 refs 


An Approximate Equation for the Spectrum of a 
Conserved Scalar Quantity in a Turbulent Fluid. 
I. D. Howells. J. Fluid Mech., Sept., 1960, pp. 
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104-106. Extension of a formula, develojed pre- 
viously for wave numbers at which molecu/ar con. 
duction is important, to the case of smaller waye 
numbers. 


Generalized Integral Relationship in Flow 
Fields With Vortex Sheets. Shinya Kobavakawa 
and Lu Ting. (Polytech. Inst. Bklyn Dept 
Aero. Eng. & Appl. Mech., PIBAL Rep. 536 
May, 1959.) J. Aerospace Sci., Nov., 10, pp. 
872, 873. USAF-supported research. 


Weak Thermal Vortex Rings. B. R. Morton. 
J. Fluid Mech., Sept., 1960, pp. 107-118. De. 
velopment of a similarity solution up to the first 
order in an effective Rayleigh number for the be. 
havior of very weak thermal vortex rings produced 
by the rapid release of heat at one point of a large 
region of fluid. 


Internal Flow 


Theory of Flow Through Profiles With Large 
Camber and Thickness Arranged in Cascade 
With Small Pitch-Chord Ratio. R. Oba (Ing.- 
Arch., No. 4, 1959, pp. 276-284.) U. Téhoky 
Rep. Inst. High Speed Mech., Ser. B., vol. 1]. 
1959-1960, pp. 231-248. 17 refs. 


Effects of Flow Unsteadiness in Turbo- 
machines. G. T. Csanady. J. Aerospace S¢i 
Nov., 1960, pp. 879, 880. Analysis using energy 
methods for two cases: an isolated, straight cas- 
cade in motion in a perfect fluid and two cascades 
in relative motion. 


Friction Factors for Turbulent Flow in Curved 
Pipes. H. It5. (ASME Trans., Ser BE. 
June, 1959, pp. 123-134.) U. Téhoku Rep. Inst, 
High Speed Mech., Ser. B., vol. 11, 1959-1960, pp. 
1-22. 27 refs. 


Behavior of Isolated Disturbances Superim- 

osed on Laminar Flow in a_ Rectangular 

ipe. G. C. Sherlin. J. Res., Sect. A - PC, 
July-Aug., 1960, pp. 281-289. USAF-sponsored 
investigation of an isolated turbulent-like dis- 
turbance produced by injecting a quantity of dye 
into the pipe 39 ft. from the entrance. The fune- 
tional relationship between three quantities was 
detected: the ratio of the velocity of the rear of 
the disturbance to the velocity of the front of the 
dye Ur/Ur; the distance from the origin, Xp; 
and the Reynolds number R. 


Espressioni delle Forze Agenti su di un Corpo 
Aerodinamico Provvisto di un Condotto Interno 
Propulsivo. Ugo Sacerdote. (16th Nail. Aero. 
Congr., Pisa, Oct. 5-8, 1959.)  L’ Aerotecnica, 
Feb., 1960, pp. 56-63. 13 refs. In _ Italian. 
Derivation of expressions for the thrust and the 
external drag of ducted aerodynamic bodies from 
an analysis of the elementary forces acting upon 
this body. By comparing these expressions with 
the conventional definition of an air-breathing jet 
engine, the definitions of momentum drag, addi- 
tive drag, and scoop incremental drag are given 
The formulas thus obtained are used in evaluating 
the external drag on a ducted body in a wind 
tunnel. 


Contributii la Studiul Efectului Coanda. 
Const. Teodorescu-Tinted. Rev. Transp., Jan., 
1960, pp. 3-11. In Rumanian. Description of 
the Coanda effect and of its physical explanation 
starting from the general properties of the free jet 
and the partially bounded jet. Experimental re- 
sults showing the phenomenon under its qualita- 
tive and quantitative aspects are given, and the 
conclusions concerning the mechanism of pro- 
ducing this effect under the conditions of plane 
slot are presented. 


Mass Flow and the Mixing Process in Low- 
Velocity Air Ejectors. L. J. Kastner and J. B. 
McGarry. The Engr., July 29, 1960, pp. 190-192 
Investigation to obtain information on air ejector 
performance when the forcing air velocity is very 
low (of the order of 100 ft. or 200 ft. per sec. or 
less) and to re-examine certain conclusions of pre- 
vious investigations about the best mixing length 
For this latter examination, higher forcing veloc- 
ities in the range of 1,000 ft. to 1,500 ft. per sec 
were used. 


Influenta Pozitiei Muchiei de Intrare Asupra 
Caracteristicilor de Cavitatie la Pompele cu ™ 
mic. I. Anton. Stud. Cerc. Stiint. Teh., No. 1-2, 
1960, pp. 47-56. 11 refs. In Rumanian, with 
summaries in Russian and French. Study to 
determine the effect of the position of the leading 
edge of blades in centrifugal pumps on the cavita- 
tion characteristics. 


Wings & Airfoils 


On the Computation of the Circulation of @ 
Gliding Wing of Large Span. N. M. Monakhov 
(MVO SSSR VUZ Izv. Av. Tekh., No. 1, 1958, PP 
19-26.) U.S., NASA TT F-31, June, 1960 1 
pp. OTS, $0.50. Translation. "Presentation of 
a method using lifting surface theory for the 
theoretical determination of the circulation of 4 
large span swept wing. 


Détermination de la Surface d’une Aile Super- 
sonique Munie d’une Aréte qui Sépare le Régime 
des Pressions. Elie Carafoli and Adriana 
Nistase. Rev. Méc. Appl., No. 1, 1960, pp. 5-20 
In French. (Also in Stud. Cerc. Mec. Aplic., No 
4, 1959, pp. 995-1012.) Determination of the 
surface of a thin supersonic wing of triangular plan 
form equipped with a rib which separates the twe 
regions of different pressure distributions. The 
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cases of an arbitrarily or a centrally located rib 
are considered. 

Caracteristicile Aerodinamice ale Aripioarelor 
Poligonale cu Sarniera Sonica Avind o Miscare 
Oscilatorie Armonica. Serban Sandulescu. Stud. 
Cerc. Mec. Aplic., No. 1, 1960, pp. 49-60. In 
Rumanian, with summaries in Russian and 
French. Study of the harmonic oscillatory 
motion of polygonal ailerons in supersonic flow for 
the case where the hinge is located on the Mach 
cone. The expressions for the reduced axial veloc- 
ities and the reduced potential are derived from 
the relations established previously in the case of 
the hinge occupying an arbitrary position in rela- 
tion to the Mach cone. Finally, expressions are 
derived for the aerodynamic coefficients in the 
case of supersonic or subsonic leading edge of the 
aileron. 

Indagine Sperimentale sull’Effetto dell’Inter- 
ferenza dell’'Ala Anulare sulle Caratteristiche 
Aerodinamiche dei Corpi Assialsimmetrici a 
Velocita Supersoniche. Carlo Buongiorno and 
Uge Ponzi. L’Aerotecnica, Dec., 1959, pp. 
302-307. In Italian. Experimental investiga- 
tion of the interference effect of an annular wing 
on the aerodynamic characteristics of axisymme- 
tric bodies at supersonic speeds. Tests made 
on a central body with large cone angle and 
cowling ring at angles of attack from +4° to —4° 
and at a Mach number of 3.14 are described. 

On the Relation Between the Generation of a 
Lift Force on a Wing and the Character of the 
Flow in the Boundary Layer. I. V. Ostoslavskii 
and T. A. Grumondz. (MVO SSSR VUZ Izv. 
Av. Tekh., No. 1, 1958, pp. 27-36.) U.S., 
NASA TT F-26, May, 1960. 12 pp. OTS, 
$0.50. Translation. Presentation of analytical 
and experimental results on the mechanism in- 
volved in the generation of lift on a wing as the 
wing is started from rest. 


Impostazione di una Nuova Teoria per le Alia 
Freccia e a Pianta Triangolare (Teoria del 
Numero di Mach Virtuale). Mario Pittoni. 
(16th Natl. Aero. Congr., Pisa, Oct. 6-12, 1959.) 
L’ Aerotecnica, Nov., 1959, pp. 239-249. 15 refs. 
In Italian Study of the physical phenomenon 
of swept wings. defining a virtual Mach number 
which allows the application of formulas derived 
for rectanguiar wings to the case of triangular 
wings. 

General Method for Determining the Wing- 
Conical Body Interference in Supersonic Flow. 
Elie Carafoli and Dan Mateescu. Rev. Méc. 
Appl., No. 2, 1960, pp. 161-194. (Also in 
Stud. Cerc. Mec. Aplic., No. 1, 1960, pp. 11-47.) 
Presentation of a method for the case in which the 
incidence or the slope of the wing is constant on 
various portions. The small disturbance theory 
is used, assuming that the body dimensions are 
small enough with respect to the Mach cone and 
that the wing and body incidences, as well as the 
wing slope, are also sufficiently small. 


Aeroelasticity 


Aeroelastic Divergence of Lifting Surfaces in 
Rotation and Rototranslation. A. Petre. Rev. 
Méc. Appl., No. 1, 1960, pp. 21-31. (Also in 
Stud. Cerc. Mec. Aplic., No. 4, 1959, pp. 1041- 
1050.) Calculation of the divergence velocity of 
lifting surfaces rotating about an axis situated in 
the plane of the root. The results of the study 
are plotted; the divergence velocity of a trans- 
lating lifting surface is taken as unity and the 
abscissa represents the ratio of the stream veloc- 
ity at the root to that produced by the rotation 
at the tip. 


Dynamic Response of Beams With Large 
Amplitudes. Thein Wah. J. Aerospace Sci., 
Nov., 1960, pp. 877, 878. Analysis of the dy- 
Namic response of beams which assumes simple 
supports and an exponential forcing function. 


Small Oscillations of Thin Resilient Conical 
Shells. E. I. Grigolyuk. (AN SSSR Isv., No. 
6, 1956, pp. 35-44.) U.S., NASA TT F-25, May, 
1960. 12 pp. 14 refs. OTS, $0.50. Transla- 
tion. Investigation, using the energy method and 
comparing analytical and experimental results, 
of the natural frequencies of vibration of truncated 
conical shells with large apex angles and rigid 
Tings at each base. 


Plate Waves and Flexural Oscillations of a 
Plate. Yu. K. Konenkov. (Akusticheskiit Zhur- 
nal, Jan.-Mar., 1960, pp. 57-64.) Sov. Phys. - 
Acous., July-Sept., 1960, pp. 52-59. Translation. 
Investigation of the propagation of flexural waves 
along an infinite elastic strip when the plate is 
free, clamped, or hinged. The corresponding 
dispersion equations are found and solved, and 


the properties of the first-order plate waves are 
studied. 


Drgania Swobodne i Wymuszone Plyty Tréj- 
katnej. Roman Solecki. Rozprawy Inzynier- 
skie, No. 1, 1960, pp. 63-81. 15 refs. In Polish, 
with summaries in English and Russian. Analy- 
sis of the vibration of a plate representing half of 
an equilateral triangle, when the plate is simply 
Supported on the periphery and when the plate is 
clamped at some or all of the sides. 


Modi Propri di Vibrazione di 
tutture Alari Multilongheroni. Paolo Santini. 
16th Natl. Aero. Congr., Pisa, Oct. 6-12, 1959.) 
I Aerotecnica Nov., 1959, pp. 250-257. In 
pen Study of the problem of natural vibra- 
ton frequencies «nd modes for the case of a mul- 


tispar wing structure. Expressions are given 
which indicate the bending-torsion interaction. 

The Response of Mechanical Systems to Ran- 
dom Vibration as Determined by Analog Com- 
puter. V.C. McIntosh, USAF WADCTN 59- 
193, Feb., 1960. 38 pp. Investigation to deter- 
mine whether sinusoidal or random vibration is 
more suitable for evaluating aeronautical equip- 
ment. The responses of nonlinear single degree 
of freedom systems and linear two degrees of 
freedom systems to both random and sinusoidal 
vibration are determined, and the inputs required 
to produce equal root-mean-square responses are 
compared. 


Aeronautics, General 


Can We Predict the State of the Art? Battelle 
Tech. Rev., Aug., 1960, pp. 3-6. Discussion of 
definitional problems related to measuring the 
“‘state’’ and predicting its future development, 
and of the importance of obtaining reasonable 
predictions. It is concluded that at present there 
is no valid technique for accurately predicting 
the state of the art. 


Unificazione dei Simboli e delle Unita di Misura 
nella Missilistica e nell’Aerotecnica. Mario 
Medici. Missili, Feb., 1960, pp. 37-42. In 
Italian. Discussion covering the standardization 
of symbols and units of measurement in rocketry 
and aeronautics. A tabulated comparison is 
given including grouping into concepts of space 
and time, mechanics, fluid dynamics, thermody- 
namics, and atomic and nuclear physics. 


Air Transportation 


British Transport Aeronautics: Looking Ahead. 
P. G. Masefield. Inst. Transp. J., July, 1960, pp. 
341-344. Discussion of future trends in speed, 
costs, and traffic in air transport. 


Catalyst to the Coming Explosion—Pricing. 
F. B. Lynott. Air Transp., Sept., 1960, pp. 23, 
24, 26, 28. Discussion of aircraft features and 
ground handling improvements which make for 
faster and cheaper air transportation. 


Is the Cart Before the Horse? A. B. Beck. 
Air Transp., Sept., 1960, pp. 21, 28, 30. Pres- 
entation of a criticism of the present air freight 
rate structure. 


Cracking a Bottleneck. Air Transp., Aug., 
1960, pp. 19, 20, 22. Description of the mecha- 
nized cargo-handling system for the Canadair CL- 
44 prop-jet air-freighter. 


Airplanes 


Accident Investigation Jindivik Trial KA. 593 
on 14th October, 1959. D. J. Whitford. Austra- 
lia, WRE TM OID 33, Nov., 1959. 7 pp. 


Air Conditioning, Pressurization 


Thermoelectric Air Conditioning Module Is 
Feasible. H. L. Hall and P. L. Catron. (SAE 
Natl. Aero. Meeting, New York, Apr. 5-8, 1960, 
Preprint 159B.) SAE J., Aug., 1960, pp. 84-88. 


Cockpits, Canopies, Windshields 


Cockpit Visibility for Commercial Transport 
Aircraft. SAE Aero. Info. Rep. 32A, June 15, 
1960. 4 pp. Presentation of recommendations 
for cockpit visibility based on pilot surveys made 
by the Civil Aeronautics Administration, studies 
by manufacturers, and a review of the cockpit 
visibility provided in present day transport 
aircraft. 


Control Systems, Automatic Pilots 


Controllability: Flight Controls for Manned 
Aircraft. H. E. Arnzen. Auto. Control, July, 
1960, pp. 26, 27. Presentation, in tabular form, 
of basic advances in ‘‘controllability’’ develop- 
ment in aviation history, starting with the Wright 
brothers’ Kitty Hawk airplane. Included are 
such devices as sophisticated propulsion, decelera- 
tion, variable lift, navigation, guidance, arma- 
ment, and three-axis flight control systems which 
may be operated manually and automatically, 
listed according to the aircraft in which they 
were embodied. 


Calculation of the Stability of a Nonlinear Con- 
trol System in the Presence of Vibration Noise. 
A. G. Bogdanov. (AN SSSR Otd. Tekh. Nauk Izv. 
Energ. i Avtom., Jan.-Feb., 1960, pp. 165-168.) 
ARS J. Suppl., Sept., 1960, pp. 843-846. Trans- 
lation. Calculation of the permissible noise ampli- 
tude for an autopilot control system, and recom- 
mendations on the choice of certain autopilot 
parameters from the point of view of reducing the 
influence of noise. 


Design Limits for Unstable Aircraft. Gif- 
ford Bull. (SAE Natl. Aero. Meeting, New York, 
Apr. 5-8, 1960, Preprint 171B.) SAE J., Sept., 
1960, p. 40. 


Adaptive Autopilot Uses Fixed Gains. F. F. 
Hiltz. Space/ Aeronautics, Sept., 1960, pp. 130- 
134. Study of an adaptive autopilot built around 
a quin-stable electric servo. Simulated response 
runs with and without noise superimposed on ac 
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celeration command are reproduced. Functional 
diagrams of the simulated system, airframe geom- 
etry, and motor dynamics are presented. 

X-15 Controlled in Space by Reaction-Control 
Rocket System. G. B. Merrick. SAE J., Aug., 
1960, pp. 38-41. Description of a reaction-con- 
trol system consisting of hydrogen peroxide 
rockets located in the nose for pitch and yaw and 
at the wing tips for roll. 


Description 

Single-Seat Combat Aircraft. IV—The Nor- 
throp N-156F Rapiere Weapons System. Interavia, 
July, 1960, pp. 828-835. Discussion of the 
design, equipment, and mission and performance 
capabilities of the N-156F Rapiere multi-mission 
fighter weapons system. which is able to accommo- 


date a wide variety of advanced electronics and 
armament. 


Convair B-58 Hustler Supersonic Combat Air 
craft. IJnteravia, July, 1960, pp. 825-827. Pres- 
sentation of the design and the navigation and 
bombing systems of the Mach 2+ strategic 
bomber. 

British Push Up Performance of Rear-Engine 
Airliners. Christopher Dawson. Space/Aero- 
nautics, Sept., 1960, pp. 52-54. Discussion of the 
aerodynamic problems for rear-mounted engines 
in the Vickers VC-10 and the de Havilland DH- 

Auxiliary Systems. C.K. Trotman. Aircraft 
Eng., Sept., 1960, pp. 246-254. Study of the four 
major auxiliary systems in a manner which may 
indicate where integration of such systems may 
be made with advantage. The systems reviewed 
are: (1) actuation, (2) fuel supply, (3) air-con- 
ditioning (including pressurization), and (4) con- 
trol of structural and equipment temperature. 


Ejection Seats 

An Investigation Into the Feasibility of Using 
the Standard Martin-Baker Ejection Seat Sys- 
tems for Underwater Escape From Ditched Air- 
craft. Edward Beckman, D. C. McNutt, and 
J.S.P. Rawlins. Aerospace Med., Sept., 1960, pp. 
715-732. Presentation of test results showing 
that the acceleration and drag loads, the blast 
pressure, and the rapid pressure changes due to 
the trajectory of the seat, to which a pilot would 
be subjected in using the Martin-Baker Mark 1, 
2, 3, 4, or A.5 ejection seat-gun systems, are 
within the human tolerance limits for an emer- 
gency escape procedure. 


New Escape System Detaches Nose Section. 
E. J. Bulban. Av. Week & Space Tech., Sept. 19, 
1960, pp. 123, 125-127. Discussion of the design 
features and operation of an integrated cockpit 
escape capsule which betters the combat pilot's 
tactical capabilities and improves survival char- 
acteristics. Areas for proposed programs of 
follow-up development are included. 


Landing, Landing Loads 


Look, No Hands. Oliver Tapper. Hawker 
Siddeley Rev., Aug., 1960, pp. 24-26. Discussion 
of a completely automatic landing system, its 
reliability standards, and cost considerations. 
All-Weather System Lands Aircraft Auto- 
matically and Reliably. E.W. Velander. (SAE 
Natl. Aero. Meeting, New York, Apr. 5-8, 1960, 
Preprint 171C.5 SAE J., Aug., 1960, pp. 56-61, 


Landing Gear 


Anticipating Anti-Skid System. F. L. Ryder. 
Aerospace Engrg., Nov., 1960, pp. 24-27, 59, 60. 
Presentation of an introductory theory and sche- 
matics for continuous maximization of brake 
torque without danger of skidding. 

Designing Advanced Anti-Skid Braking Sys- 
tems. G. W. Yarber. (USAF-Aerospace Ind. 
Conf., Paim Springs, Calif., Jan., 1960.) Space/- 
Aeronautics, Sept., 1960, pp. 93-96, 98, 102, 104. 
Presentation of methods for meeting the require- 
ments for anti-skid control systems in aircraft 
with landing speeds of 150-200 knots. Possible 
future braking and anti-skid control systems are 
briefly outlined 


Closed System Hydraulics for Aircraft Ground 
Handling. R. J. Enyeart, Peter Minniti, Mario 
Quinto, and E. J. Carr. Hydraulics & Pneumat- 
tics, Sept., 1960, pp. 95-98. Discussion of the 
advantages involved and the equipment used for 
the wheel driving method of positioning large 
commercial airplanes. 


Operating Characteristics, Economics 


Special Issue: Ground Handling. JetStar 
Serv., Aug.-Sept., 1960, pp. 2-18. Partial Con- 
tents: Airplane Access. Jacking. Installing 
Landing Gear Ground Locks. Engine Wake 
Pattern. Towing. Turning Radius. Component 
Weights. 

An Economic Study of Supersonic Transports. 
Planning Res. Corp. Rep., May 29, 1959. 69 pp. 
USAF-supported study of the costs of operation 
in the military system, providing a cost compari- 
son of supersonic transports with present sub- 
sonic transports and a cost methodology for 
estimating operating costs of present and pro- 
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posed military aircraft; and an investigation of 
the economic aspect of commercial airline opera- 
tion, comparing the operating costs of supersonic 
transports, subsonic turbojets, and reciprocating 
aircraft, and developing a cost methodology for 
commercial airline operation of supersonic trans- 
ports. A preliminary forecast as to the potential 
demand for supersonic transports in the domestic 
and world-wide commercial markets is included 


Seating 


Un Sistema di Vincolamento ai Sedili per i 
Passeggeri di un Aeroplano Civile. Umberto 
Maestrini (16th Natl. Aero. Congr., Pisa, Oct. 
6-12, 1959.) L’ Aerotecnica, Dec., 1959, pp. 295-— 
301. In Italian. Description of a clamp system 
designed to replace safety belts on seats of civil 
aircraft. 


Airports 


Copenhagen. Airport & Airline Met., July- 
Aug., 1960, pp. 59, 82. Brief description of run- 
ways, fueling system, snow-clearing equipment, 
and buildings of the Copenhagen Airport. 


The Exit Taxiway Design. Gale Ahlborn. J. 
Air Trafic Control, Oct., 1960, pp. 16-18. Dis- 
cussion of the problems associated with exit taxi- 
ways and of the research and testing that has 
been conducted on their design. 


Aviation & Space Medicine 


Federal Aviation Agency; The Program of the 
Bureau of Aviation Medicine. J. L. Goddard. 
(Aerospace Med. Assoc. Meeting, Miami, May 10, 
1960.) Aerospace Med., Sept., 1960, pp. 709-714. 
Survey of the activities of the Federal Aviation 
Agency, including planned changes in rules con- 
cerning pilot health requirements, planned im- 
provements in medical certification procedures, 
investigations of medical factors in aircraft acci- 
dents, and the Agency's research program. 


Pathology as an Aid to Reconstruction of Air- 
craft Accidents. F. W. Lovell, Harrison Mc- 
Michael, and F. M. Townsend. (Aerospace Med. 
Assoc. Meeting, Miami, May 9, 1960.) Aerospace 
Med., Sept., 1960, pp. 745-748. Discussion of 
the role which carboxyhemoglobin saturation 
findings, location of tissue fragments on aircraft 
structures, X-ray and histologic examinations, 
and the correlation of medical findings with the 
other accident details can play in reconstructing 
the accident sequence 


Total Serum Cholesterol Level in Flying Per- 
sonnel. O. Koldovsky and Novak. Riv. 
Med. Aero. & Spaz., Apr.-June, 1960, pp. 203- 
211. 31 refs Experimental determination of 
the serum cholesterol level in 115 crew members, 
emphasizing the effect of work responsibility as 
well as specific diet 

Le Intossicazioni da Carburanti con Particolare 
Riferimento a Quelle che si Verificano in Campo 
Aeronautico. G. Venditti and G. Lalli. Riv. 
Med. Aero. & Spaz., Jan.-Mar., 1960, pp. 57-102. 
56refs. In Italian. Survey of the chemical prop- 
erties of fuels and description of symptoms pos- 
sibly caused by petroliferous product and additive 
poisoning. Experimental toxicology, the defini- 
tion of toxicity limits in man, and preventive 
measures are covered 

Una Inchiesta Tecnico-Professionale sulla 
‘Vita Percettiva’’ in Volo. M. Strollo. Riv. 
Med. Aero. & Spaz., Apr.-June, 1960, pp. 235-247. 
In Italian. Presentation of results obtained from 
a survey made among a number of subjects on 
the “perceptive life’ in flight. 


Moderni Impianti per il Benessere dell’Uomo 
in Navigazione Aerea e Spaziale, con Particolari 
Considerazioni sulle Cabine Pressurizzate. 
Alfredo Palieri. Riv. Aero., May, 1960, pp. 749- 
768. In Italian Historical survey of the 
research done to protect man from hazardous 
environments, covering principal effects of alti- 
tude on the human organism; conditions of sur- 
vival, well-being, and hygiene in flight; as well as 
data on pressurized cabins and problems of 
flight at high altitude and in space. 


Podremos Vivir en Marte? F. M. Magdaleno. 

ev. Aero., July, 1960, pp. 557-564. 21 refs. 
In Spanish. Discussion covering the possibility 
of survival on Mars and including a survey of 
such factors as the temperature, oxygen supply, 
and planetary atmosphere 


Una Indagine col Tacodometro Prima e Dopo 
Fatica Mentale e Muscolare. M. Strollo, E. de 
Angelis, and E. Molinari. Riv. Med. Aero. & 
Spaz., Jan.-Mar., 1960, pp. 108-116. In Italian. 
Description of an investigation made to determine 
the effect of muscular and mental exertion on the 
behavior of human subjects. The instruments 
used during the experiment and the results ob- 
tained are described 


Endocrine Aspects of Auditory Stress. A. M. 
Sackler, A. S. Weltman, and Peter Jurtshuk, Jr. 
(Aero. Med. Assoc. 30th Annual Meeting, Los 
Angeles, Apr. 27, 1959.) Aerospace Med., Sept., 
1960, pp. 749-759. 34 refs. Investigation of 
endocrine changes induced by sound. The experi- 
ment is performed on male rats to compare the 
test results with results of earlier investigations 
performed on female rats. 
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Laboratory Approximation of Individual Toler. 


ance to Aircraft Carrier Deck Noise. Arnojg 
Engel and E. S. Mendelson. (Aero. M. i. Asso¢ 
Meeting, Los Angeles, Apr. 28, 1959.) leros pace 
Med., Sepi., 1960, pp. 739-744. ga 

Relationship Between Alternate  Binaura) 


Bifrequency Loudness-Balance Test and Thresh. 
old Tone-Decay Test Responses in Normal ani 
Subnormal Ears. L.L. Kopra, R. W. Fullington 
and L. E. Strickland. USAF SAM R->». 60-19 


Apr., 1960. 12 pp. 12 refs. 
Problemi di Medicina Spaziale. Tomaso 
Lomonaco. (AIR Ist Natl. Congr Genoa 


Oct., 1959.) Missili, Feb., 1960, pp. 5-20. I, 
Italian. Presentation of experimental resyjts 
obtained on the psycho-physiological behavior of 
man in space. 


_ Interaction of Adrenal and Thyroid Hormones 
in Maintenance of Body Temperature of Rats 
Exposed to Cold. M. J. Fregly. USAF S4\ 
Rep. 60-47, May, 1960. 15 pp. 33 refs 


Venous Plasma Levels of Catechol Amines ip 
Several Physical Stresses. J. P. Meehan and 
Edith Jacobs. (Aerospace Med. Assoc. Meeting 
Miami, May 10, 1960.) Aerospace Med., Sept.” 
1960, pp. 733-738. USAF-supported presenta, 
tion of the results of a study to relate the venoys 
plasma levels of adrenaline and noradrenaline to 
the physiologic responses in several physical 
stresses. The stresses studied were: the Harvard 
Step Test, a treadmill exercise, the Cold Pressor 
Test, and positive acceleration. 


The Effects From Massive Doses of High 
Dose Rate Gamma Radiation on Monkeys, 
USAF SAM Rep. 60-57, 1960. 413 pp. 132 
refs. Compilation of 14 papers describing experi- 
ments on radiation damage, grouped into three 
categories: performance, biology, and pathology 


_ The Effect of Acute Doses of Nuclear Radia- 
tions on the Peripheral Blood Picture of the 
Monkey (Macaca Mulatta). T. P. Leffingwell, 
G. S. Melville, Jr., and Q. L. Hartwig. USAF 
SAM Rep. 60-43, Apr., 1960. 12 pp. 19 refs 


Chemistry 


Researches on Hydrogen Evolution. CC. A 
Knorr. USAF WADC TR _ 59-687, Apr, 
1960. 43 pp. 60 refs. Investigation of adsorp- 
tion phenomena on platinum, rhodium, iridium, 
palladium, and gold, by means of the potentio- 
static method of applying a triangular voltage. 
Also included is an investigation of the reaction of 
hydrogen occluded in Pd-wires with H-acceptors 
like chromic acid, potassium ferricyanide, and 
hydrogen peroxide, by the measurement of the 
longitudinal resistance. 


Todine Nuclear Sait Resonance Spectra 
of Some Boron-Jodine Compounds. W. G. 
Laurita and W. S. Koski. Johns Hopkins U, 
Dept. Chem. TN 13 (AFOSR TN 60-471), 1960 
12 pr 

Research Directed Towards the Experimental 
Study of the Infrared Bands of the Oxides of 


Nitrogen. I. C. Hisatsune. USAF CRC TR 
58-237 | AD 52558], 1959. 17 pp. 
Computers 


An Electronic Analogue for Investigating 
Structural Vibrations in Unsupported Elastic 
Beams. Appendix I—The Unsupported Beam: 
Descriptive Equations. Appendix II—-Exter- 
nally-Derived, Point-Applied Lateral Forces and 
Couples. W. G. Hughes and M. Squires. @ 
Brit., RAE TN G.W. 537, Mar., 1960. 35 pp 
Discussion of the display of single-plane flexure 
of an unsupported thin beam by means of an 
electronic analog accomplished by allowing only 
the bounded quantities of the motion to be ex- 
plicitly represented in the analog. Consideration 
is also given to the reintroduction of unconstrained 
variables for control system purposes; extensions 
to include the effects of shear deflection and pitch- 
ing inertia; the introduction of point-applied 
forcing functions; and a form of instability arising 
from imperfections in the computing amplifiers 


Theoretical Methods Concerned With the 
Asynchronous Operation of Turbo-Generators. 
F. Csaki. Periodica Polytech., Elec. Eng. Ser 
No. 2, 1960, pp. 117-144. 38 refs. Development 
of a computer which, by means of electric analo- 
gies, instantaneously determines the average 
value, variance, range, or any other statistical 
property of the characteristic to be controlled 
from a sample consisting of numerous items 

The TRIDAC Hydraulically-Powered_ Comput- 
ing Servos. II—A Simple Position Servo for 
Multiplication. W. E. Dean and M. P. Hand- 
ford. Gt. Brit., RAE TN G.W. 542, Mar., 1900 
14 pp. 


Advanced Data Acquisition System Aids Polans 
Missile Development. Auto. Control, July 
1960, pp. 53-58. Discussion and description of 
system which can sample 10,000 items of data per 
sec. in making 117 simultaneous measurements 0! 
temperature, pressure, force, strain vibration, 
and displacement in tests of solid fuel rocket 
motors. 


The Impact of Digital Computers on Enginet- 
ing Education at the Undergraduate Level. 1. 
Purdue U. Sch. Aero Eng. Re? 
18 pp. 


. Herrick. 
MISC-60-1, Jan., 1960. 
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A High-Speed Multiplication Process for Digi- 
tal Computers. Fred Gurzi. Assoc. Comp. 
Mach. Commun., Apr., 1960, pp. 241-245. Dis- 
cussion of the Booth and Booth and the High- 
Speed methods, comparing their advantages 
and/or limitations in certain applications. 

The Solution of Simultaneous Ordinary Dif- 
ferential Equations Using a General Purpose 
Digital Computer. w. Anderson. Assoc. 
Comp. Mach. Commun., June, 1960, pp. 355-360. 
Presentation of a method for programing a prob- 
Jem for a digital computer, including also the 
method for computing the Runge Kutta trunca- 
tion error 

The Application of ‘‘Deuce’’ to a Problem in 
Aerial Design. J. Hewson and E. A. Pacello. 
Marconi Rev., 3rd Quart., 1960, pp. 104-109. 
Discussion of the use of a digital computer to 
assess the effect on the radiation pattern of a 
slotted wave guide aerial due to small random 
errors in the cutting of the slots. 


Control Theory 


Study of an Optimal Control System in Pres- 
ence of Random Perturbations. V. M. Kuntse- 
vich. (AN SSSR Otd. Tekh. Nauk I2v. Energ. i 
Avtom., Jan.-Feb., 1960, pp. 90-101.) ARS J. 
Suppl., Sept., 1960, pp. 846-853. 13 refs. 
Translation. Study of a class of extremum-seek- 
ing control systems in which sinusoidal modula- 
tion is employed in conjunction with a synchro- 
nous detector to detect the deviation from the 
extremal condition. 

Self-Optimizing Control Systems. II—Multi- 
ple-Parameter Control. J. } Nightingale. 
Mach. Des., Sept. 15, 1960, pp. 198-200. _ Discus- 
sion of the application of the self-optimizing prin- 
ciple to situations requiring the adjustment of 
several parameters and the imposition of more 
than one constraint. 

Operational Analysis of Finite-Pulsed Sampled- 
Data Systems. T. Nishimura. U. Calif. Inst. 
Eng. Res. Dept. Elec. Eng. Ser. 60/1279 (AFOSR 
TN 60-510), May 10, 1960. 37 pp. 

Introduction to Feedback Control. W. F. 
Eagan and J. H. Bredberg. Res./Devel., Aug., 
1960, pp. 71-77. Discussion of the basic princi- 
ples of feedback control and its possible fields of 
application. 

Servo Valves. W. B. Lloyd. Westinghouse 
Engr., Sept., 1960, pp. 140-144. Discussion of 
the principles in pressure-feedback and pressure- 
derivative feedback valves. 


Documentation 


An External Index to a Computer Store of 
Items and Transactions as Illustrated by Project 
Echo. Mortimer Taube. Documentation Inc. 
Paper (AFOSR TN 60-8), Dec., 1959. 18 pp. 


Electronics 
Amplifiers 
Parametric Amplifier Theory for Plasmas and 


Electron Beams. Appendix I—Derivation of the 
Zero Magnetic Field Nonlinear Coupling Equa- 


tions. Appendix II—Theory of Beam-Type 
Parametric Amplifiers. G. S. Kino. J. Appl. 
Phys., Aug., 1960, pp. 1449-1458. USAF- 


sponsored presentation of the theory, based on a 
zero-temperature plasma assumption, for a new 
type of parametric amplifier which uses a gas 
discharge plasma as a nonlinear propagating 
medium. 

About the Balancing of Half-Wave Push-Pull 
Magnetic Amplifiers. A. Frigyes. Periodica 
Polytech., Elec. Eng. Ser., No. 2, 1960, pp. 55-77. 


Antennas, Radomes 


Cylindrical Antenna Theory. R. H. Duncan 
and F. A. Hinchey. J. Res., Sect. D- RP, Sept.- 
Oct., 1960, pp. 569-584. 11lrefs. Presentation of 
a partial survey of cylindrical antenna theories 
pertaining to a tubular model with a narrow gap. 
The survey covers the theories of Hallén, King 
and Middleton, Storm, and Zuhrt; a conceptual 
relation between theory and experiment; and a 
new Fourier series solution of the Hallén equation. 

High-Gain, Very Low Side-Lobe Antenna With 
Capability for Beam Slewing. A. C. Wilson. 
J. Res., Sect. D - RP, Sept.-Oct., 1960, pp. 557- 
561. USAF-supported discussion of the design 
and performance characteristics of a corner- 
reflector antenna having reflecting surfaces ten 
wavelengths wide and two wavelengths long. The 
antenna has been found suitable for applications 
requiring a high gain, low secondary radiation 
levels, and a capability for beam slewing. 

L’Effet du Sol sur l'Impédance d’une Antenne. 
P. Sulkin. Acad. Pol. Sci. Bul., Tech. Sci. Ser., 
No. 5, 1960, pp. 233-240. In French. Investiga- 
tion of the effect which a nonhomogeneous ground 
of finite conductivity has on the impedance of an 
antenna. 

Radiation and Admittance of an Insulated 
Slotted-Sphere Antenna Surrounded by a 
Strongly Ionized Plasma Sheath. J. W. Marini. 
Ja Res, Sect. D - RP, Sept.-Oct., 1960, pp. 525- 
92. USAF-supported presentation of expres- 
sions for the radiation pattern, input admittance, 
and the external efficiency of an insulated slotted- 
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sphere antenna surrounded by a homogeneous, 
isotropic, strongly ionized sheath. 

A Flush-Mounted Runway Antenna for Use 
With the FAA Directional Glide-Path System. 
J. R. Baechle and R. H. McFarland. JRE Trans., 
ANE Ser., June, 1960, pp. 32-39. Discussion of 
empirical and simplified analytical procedures in 
the design of a flush-mounted airport runway 
antenna which will allow glide-path signals for 
instrument landings to be radiated directly from 
the touchdown point on the runway. Desirable 
and measured antenna characteristics are com- 
pared. 


Temperature Measurements in the Radio 
Aerial on a Hunter Mk.II Aircraft. J. E. Netha- 
way and O. P. Nicholas. Gt. Brit., RAE TN Aero. 
2676, Feb., 1960. 12 pp. 


The Flared Slot: A Moderately Directive 
Flush-Mounted Broad-Band Antenna. Ww. 
Eberle, C. A. Levis, and D. McCoy. /RE Trans., 
AP Ser., Sept., 1960, pp. 461-468. USAF- 
sponsored discussion of the structure and opera- 
tion of vertically and horizontally polarized 
flared-slot antennas. 


Circuits & Components 


Asupra Simplificarii Circuitelor cu Transistori, 
a Celor cu Tuburi Electronice Sia Celor cu Criio- 
troane. Gr.C. Moisil. Stud. Cerc. Matemat., No. 
1, 1959, pp. 7-67. 25 refs. In Rumanian, with 
summaries in Russian and French. Study cover- 
ing the simplification of electric circuits with 
transistors, electronic tubes, and cryotrons 


Communications 


Air-to-Ground Meteoric Scatter Communica- 
tion System. A. J. Hannum, G. L. Evans, J. T. 
Chambers, and K. Otten. JRE Trans., CS Ser., 
June, 1960, pp. 113-133. 10 refs. USAF-sup- 
ported discussion of the design and performance 
of a test system designed specifically to operate at 
fixed frequency (50 mc.) through rapidly changing 
propagation conditions by whatever path exists. 

Coded Binary Decision-Feedback Communi- 
cation Systems. J. J. Metzner and K. C. Mor- 
gan. JRE Trans., CS Ser., June, 1960, pp. 101-— 
112. 10 refs. USAF-supported discussion of a 
system which avoids the problem of noncon- 
servation of message length which arises as a 
result of noise in the feedback channel. Com- 
parisons are made with unidirectional systems and 
ideal decision-feedback systems. 


Radio Communication Using Earth-Satellite 


December 1960 


Repeaters. Louis Pollack. Elec. Commun., No. 
3, 1960, pp. 180-188. Discussion of the factors 
affecting the design of a communications system 
using satellite repeaters, including also a possible 
configuration for an active repeater. It is con- 
cluded that an active system handling as many as 
1,000 voice channels can be implemented in two 
years. 


Construction Techniques 


Microelectronics. J. R. Riggs. Elec. Mfg., 
Sept., 1960, pp. 121-126. 22refs. Presentation 
of the approaches to microelectronics — discrete 
miniature components, integrated circuits, and 
molecular electronics — including techniques, 
devices, and current work done. 


Networks, Filters 


Design of Networks with Prescribed Delay and 
Amplitude Characteristics. J. K. Skwirzynski 
and J. Zdunek. Marconi Rev., 3rd Quart., 1960, 
pp. 115-139. 10 refs. Discussion of a general 
and flexible design method for reactive quadri- 
poles with specified group delay characteristics, 
presenting also means of equalizing attenuation 
without effecting delay. 

Analysis and Synthesis of Two-Terminal Con- 
tact Networks by Algebraic Topology and Com- 
binatorial Analysis. K. P. Young. Polytech. 
Inst. Bklyn. MRI SCG Res. Rep. R-779-59, 
PIB-707 (AFOSR TN 60-406), Jan. 6, 1960. 99 
pp. 13refs. 


Synthesis of Logic Networks. M. Goldstein. 
Polytech. Inst. Bklyn. MRI SCG Res. Rep. 
PIBMRI-817-60 (AFOSR TN 60-534), Mar. 30, 
1960. 38 pp. 

Designing Passive and Tunnel-Diode Net- 
works. II. Louis Weinberg. Elec. Mfg., Sept., 
1960, pp. 116-120. Discussion of modern syn- 
thesis techniques for realizing prescribed fre- 
quency characteristics, including illustrative 
examples of uniform reverse predistortion, 
methods for reducing the number of tunnel diodes 
required, and reverse predistortion techniques to 
be applied to the exact design of practical net- 
works. 


An Algebraic Approach to Sequential Switching 
Circuit Problems. H. R. Charney. Polytech. 
Inst. Bklyn. MRI SCG Res. Rep. PIBMRI-811- 
60 (AFOSR TN 60-529), Apr. 18, 1960. 57 pp. 


Noise, Interference 


Parasitos Atmosféricos. 


P. Rodriguez Garcia- 
Prieto. Rev. 


Aero., Jan., 1960, pp. 29-36. In 
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Spanish. Brief discussion of atmospheric disturb- 
ances and their effect on communications. 


Designing Low-Noise Transistor Circuits. 
P. J. Bénéteau. Electronic Des., Aug. 3, 1960, pp. 
86-88. Discussion of noise sources and their 
origin, considerations in circuit design, and a 
typical design example involving a low-noise 
application. 

Comparison of PSK vs FSK and PSK-AM vs 
FSK-AM Binary-Coded Transmission Systems. 
A. B. Glenn. IRE Trans., CS Ser., June, 1960, 
pp. 87-100. 16 refs. Performance comparison 
for binary coded transmission in the presence of 
additive white Gaussian noise. Improvement 
thresholds, some aspects of statistical decision 
theory, and channel characterization are also 
briefly discussed. 


rs RFI Susceptibility in Receivers. 
M. Sachs and J. J. Krstansky. Electronic 
Tad. , Sept., 1960, pp. 92-99. 21lrefs. Discussion 
of the factors to be considered in the basic design 
of receivers to reduce their susceptibility to un- 
desired signals, including sensitivity, selectivity, 
spurious responses, intermodulation, cross-modu- 
lation, and standard shielding considerations. 


Natural Interference in Space Systems. J. F. 
Lee. Electronic Des., Aug. 3, 1960, pp. 90-93. 
Discussion of cosmic radiation which is internal, 
as well as that which is external to our solar sys- 
tem, including also the cosmic noise power which 
is received by a system and the antenna power 
calculation. 


Oscillators, Signal Generators 


Behavior of a Field-Swept Maser Oscillator. 
Appendix—A First-Order Equation for the 
Radiation-Field — J. C. Kemp. U. 
Calif. Inst. Eng. Dept. Elec. Eng. Ser. 
60/1275 (AFOSR TN 60-509), Apr. 19, 1960. 


29 pp. refs. 
Piezoelectricity 

Ferroelectric Ceramics. Alfred Krembheller 
and P. W. Renaut. Sylvania Tech., July, 1960, 
pp. 82-89. 24 refs. Discussion of conventional 


procedures and of a hot-pressing technique used in 
the preparation of ferroelectric ceramics. It is 
shown that materials produced by the latter 
method have superior electrical properties. 
Electrical tests are described and the procedures 
found to be best in polishing, etching, and sample 
preparation for electron photomicrography are 
presented. 


Power Supplies 


Transistor Inverters and Converters. II— 
Basic Principles of the Push-Pull Square-Wave 


Oscillator System. M. D. Berlock and H. 
Jefferson. Wireless World, Sept., 1960, pp. 
461-465 


Transistor Inverters and Converters. III— 
Modification of the Standard Push-Pull Square- 
Wave System. M. D. Berlock and H. Jefferson. 
Wireless World, Oct., 1960, pp. 507-509. 


Controlled Rectifier-Inverter Meets Stiffer 
Power Needs. J.R. Borden. Space/ Aeronautics, 
Sept., 1960, pp. 151, 153, 156-166 (ff.). Com- 
parison of the efficiency and reliability of a solid- 
state controlled rectifier-inverter with values for 
other types. Diagrams of typical inverters for 
spacecraft and performance characteristics are 
presented. 


Unconventional Power Converters. C. M. 
Celent. Electronic Ind., Sept., 1960, pp. 102-116. 
45 refs. Discussion of principles, state of de- 
velopment, and applications of magnetohydro- 
dynamic generators, fuel cells, thermoelectric and 
thermionic generators, nuclear batteries, and 
solar cells. 


The Design of Controlled Rectifiers Using 
Triode Transistors. E. E. Ward. (JEE Paper 
3281 E.) IEE Proc., Pt. B, Sept., 1960, pp. 
473-480. Investigation of the stability condi- 
tions for the open and closed states of the switch in 
polyphase rectifiers in which the switching ele- 
ment is a complementary combination of a 
p-n-p and an n-p-n transistor. 


Excitation Requirements for Silicon Controlled 
Rectifiers. E. E. Moyer and A. Schmidt, Jr. 
Elec. Mfg., Sept., 1960, pp. 127-131. 12 refs. 
Discussion of the characteristics of silicon con- 
trolled rectifiers and the adjustments to the cir- 
cuit necessary to assure their proper operation. 
Anode current and voltage ratings, gate charac- 
teristics, series and parallel operation, phase con- 
trol, and multiple and double-way circuits are 
examined, and analogies are made to the charac- 
teristics and circuits of the gas-filled tubes to 
clarify the application of the newer semiconductor 
devices. 


A Method of Measuring the Direct Axis, 
Steady State Parameter of a Synchronous 
Machine With Limited Equipment. P. A. Shaw. 
Gt. Brit., RAE TN El. 176, Apr., 1960. 18 pp. 


Performance of a Thermoelectric Converter 
Under Constant Heat Flux Operation. P. S. 
Castro and W. W. Happ. J. Appl. Phys., Aug., 
1960, pp. 1314-1317. Analysis presenting expres- 
sions for power output, optimum efficiency, and 
optimum ratio of internal-to-load resistance which 
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show that optimization requires operating con- 
ditions appreciably different from those for the 
operation of thermoelectric generators having 
constant hot and cold junction temperatures. 


Contribution of Anode Emission to Space 
Charge in Thermionic Power Converters. A. F. 
Dugan. J. Appl. Phys., Aug., 1960, pp. 1397- 
1400. Extension of the space charge theory of 
Langmuir to include the effects of anode emission 
on the performance of a vacuum thermionic power 
converter. An iterative technique is described 
for obtaining solutions in specific cases, and some 
sample calculations based on hypothetical diodes 
are presented. 


Collector Designed for Solar-Thermionic 
Space System. J. G. Leisenring. (SAE Nail. 
Aero. Meeting, New York, Apr. 5-8, 1960, Pre- 
print 159C.) SAE J., Aug., 1960, pp. 50-55. 


How Silicon Solar Cells Rate for Space Power. 
E. T. Raymond. (SAE Natl. Aero. Meeting, 
New York, Apr. 5-8, 1960, Preprint 154A.) 
SAE J., Aug., 1960, pp. 42-44. 


Radar 


Special Issue: Infrared and Radar Photo 
Interpretation—Symposium. (Am. Soc. Photo- 
grammetry, 26th Annual Meeting, Wash., Mar. 
23-25, 1960.) Photogrammetric Eng., Sept., 
1960, pp. 610-656. Partial Contents: Progress 
and Problems in Radar Photo Interpretation, P. 
R. Hoffman. Interpreting Natural Terrain From 
Radar Displays, A. M. Feder. Terrain Radar 
Reflectance Study, L. E. Newbry. To Measure 
Is to Know—Geometric Fidelity and Interpreta- 
tion in Radar Mapping, B. B. Scheps. Sketching 
Projector for Side-Looking Radar Photography, 

. A. Claveloux. A Photographic Method for 
Transformation of a Black and White Radar-Map 
Into a Full-Color Presentation, E. S. Leonardo 
and R. A. Tolliver. Elements of Photographic 
Interpretation Common to Several Sensors, Ch. 
E. Olson, Jr. 


ARSR-2—A New Air Route Surveillance 
Radar. W.W.Shrader. J. Air Traffic Control, 
Oct., 1960, pp. 31-33. Discussion of the ARSR-2 2 
four ' megawatt, L-band system, including descrip- 
tion of the characteristics and the ASRS-2’s solu- 
tion to the clutter problem. 


The Significance of Stable Frequencies for CW 
(Continuous Wave) Radar Techniques and the 
Generation of Highly Stable Frequencies. W. 
Herzog. (Nachrichtentech. Zeitschrift, No. 1, 
1960, pp. 29-33.) Gt. Brit., RAE Lib. Transl. 
907, July, 1960. 9 pp 


The Blip Scan Machine; A Device for Simu- 
lating the Blip Effect in Air Surveillance Radar. 

O. Hayman and E. R. Pelta. (//Ith Annual 
Mid- Am. Electronics Conf., Kansas City, Nov. 3, 
1959.) System Devel. Corp. Rep. SP89, Nov. 1, 
1959. 16 pp. 


Polarization and Depression-Angle Dependence 
of Radar Terrain Return. I. Katz and L. M. 
Spetner. J. Res., Sect. D - RP, Sept.-Oct., 
1960, pp. 483-486. 10 refs. Navy- supported 
study of recent experimental results on radar 
back-scattering from land and sea surfaces. 


Advanced Radar: Linear FM Pulse Compres- 
sion Beats Peak Power Limits. C. E. Cook and 

E. Chin. Space/ Aeronautics, Sept., 1960, pp. 
124— 127,129,148. Presentation of the theory for 
a technique to increase the rad: ar detection range 
when tthe received pulse width is fixed and peak 
power limitations control the average power. 


Problemi Connessi col Filtraggio degli Echi nei 
Radar. Ugo Tiberio. (Ric. Sci., Dec., 1958, 
pp. 2464-2481.) Pisa U. Fac. Eng. Paper 859, 
1959. 18 pp. Reprint. In Italian. Discus- 
sion of problems connected with the echo- 
filtering in radar, and description of a technique 
using an auxiliary quartz filtering device. 


Resistors 


Thermistors, Their Theory, Manufacture and 
Application. R.W. A. Scarr and R. A. Settering- 
ton. (IEE Paper 3176 M.) IEE Proc., Pt. 
Sept., 1960, pp. 395-405; Discussion, pp. 405- 
408; Authors’ Reply, pp. 408,409. 80 refs. 


Semiconductors 


The Binistor—A New Semiconductor Device. 
Nicholas DeWolf. Electronic Ind., Aug., 1960, 
pp. 84-87. Discussion of the design, application, 
and performance of the silicone NPN tetrode, in- 
cluding a comparison with a flip-flop. 


Determining Transistor Power Dissipation. 
J. G. Naborowski. Electronic Ind., Aug., 1960, 
pp. 110, 111. Presentation of relationships for 
the calculation of minimum safe load resistance 
and of the power dissipated in existing circuits. A 
numerical example is included. 


I Transistori nella Tecnica Elettronica Mo- 
derna. Tec. Ital., June, 1960, pp. 301-309. In 
Italian. Definition of transistor physics, evalua- 
tion of transistor characteristics and of their 
basic functions, and survey of specific applications 
including telecommunications, telemetry, electro- 
acoustics, and other varied fields. 
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Telemetry 


The Case of FM-AM vs FM-FM Telemetry. 
L.L. Rauch. JRE Trans., SET Ser., June, 1960. 
pp. 81-84. USAF- supported description of the 
uture role of frequency-division multiplex teclem. 
etry and its relation to the sampled data prob- 
lem of time-division multiplex telemetry. The 
shortcomings of the FM-FM system are examined 
and an FM-AM system is proposed. 

A High-Frequency Telemetry 
System. T. S. Fowler. [RE Trans, 
SET Ser., 8 1960, pp. 69-81. Presentation 
of a frequency- multiplex FM-AM system which 
provides six continuous channels via which wave 
forms with frequency components in the approxi- 
mate band 10 cps to 10 kc. may be simultaneously 
telemetered. Description of the units of the 
flight and ground equipment and details of upera- 
tional results are included. 

The Effect Ty ga of Video Filters on 

PDM-FM and Radio Telemetry. 
Appendix olf Response and FM 
Noise Bandwidth of a Gaussian Filter. Appen- 
dix II—Minimum Pulse Height. Appendix I[I— 
Crosstalk With the Gaussian Filter. Appendix 
IV—Bandwidth of Gaussian Filter for PCM. 
M. H. Nichols and A. T. Bublitz. JRE Trans. 
SET Ser., June, 1960, pp. 85-92. 10 refs, 
USAF-supported research. 


Transmission Lines 


Guides. G. Piefke. J. Res., Sect. 
Sept.-Oct., 1960, pp. 533-555. 11 refs. Presen- 
tation of a new method for the calculation of the 
transmission characteristics of certain structures 
belonging to the class of corrugated guides 


Connectors for Flat-Conductor Flexible Cables 
Wilhelm Angele. Elec. Mfg., Sept., 1960, pp. 
164-168. 


Wave Theory 


Methods of Predicting the Atmospheric 
Bending of Radio Rays. B. R. Bean, G. D 
Thayer, and B. A. Cahoon. J. Res., Sect. D - 
RP, Sept.-Oct., 1960, pp. 487-492. 14 refs. 
Presentation of three recent methods for pre- 
dicting the bending of radio rays when the re- 
fractive index profile above the surface layer is un- 
known. These methods are: a statistical tech- 
nique for refraction at high initial elevation angles, 
estimation of bending from an exponential model 
of atmospheric refractive index, and a modifica- 
tion of the exponential model to account for the 
heavily weighted effects of anomalous initial re- 
fractive index gradients at small initial elevation 
angles. 


Ionospheric Refraction in Radio Astronomy. 
I—Theory. M. M. Komesaroff. Australian J. 
Phys., June, 1960, pp. 153-167. 12refs. Presen- 
tation of expressions for the apparent displace- 
ments of cosmic radio sources at transit resulting 
from ionospheric refraction, which take into 
account the horizontal electron density gradients. 
Using these results together with position meas- 
urements taken at 19.7 mc., the ‘‘total thickness” 
of the ionosphere is estimated. 


Comparison of Reporknentel with Computed 
Tropospheric Refraction. W. Anderson, N. J. 
Beyers, and R. J. Rainey. TRE Trans., AP Ser., 
Sept., 1960, pp. 456-461. Army-sponsored inves. 
tigation of the limits of applicability of ray 
tracing in computing tropospheric refraction. 


Loss in Channel Capacity Resulting From 
Starting Delay in Meteor-Burst Communication. 
G. R. Sugar. J. Res., Sect. D - RP, Sept.-Oct., 
1960, pp. 493, 494. Study of the loss in channel 
capacity of a meteor-burst communication sys- 
tem, computed as a function of the time required 
to initiate control of the system. The result is 
compared with various experimental data and 
appears to be applicable for signal bursts up to 
one-half second in duration. 


Amplitude Distribution for mate Signals Re- 
flected by Meteor Trails. I. A. Wheelon. J 
Res., Sect. D - RP, Sept.-Oct., i980, pp. 449-454 
Analysis treating simultaneously both the effects 
of numerous, small meteors and the residual re 
flections from infrequent large meteors to derive 
the probability distribution for the envelope of 
the received signal composed of reflections from 
many meteor trails. 


On the Theory of Wave Propagation Through a 
Concentrically Stratified Troposphere With a 
Smooth Profile. I—Discussion of the Extended 
W.K.B. Approximation. H. Bremmer. J. 
Sect. D - RP, Sept.-Oct., 1960, pp. 467-482. 15 
refs. Discussion of the’ W.K-B. approximation 
for the solution of the height-gain differential 
equation for a curved stratified troposphere. 


Propagation of Microwaves Through a Mag- 
neto-Plasma, and a Possible Method for Deter- 
mining the Electron Velocity Distributions. A 
L. Cullen. J. Res., Sect. D - RP, Sept.-Oct., 
1960, pp. 509-513. "USAF- sponsored analysis of 
the propagation of circularly polarized waves 
parallel to the magnetic field. Special attention 
is given to the extraordinary ray (in magneto-ionic 
terminology). 


Elementary Considerations of the Effects of 
Multipath Propagation in Meteor-Burst Com- 


A Contribution to the Theory of Corrugated 
> - RP, 
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From General Motors...Temperatures Made to Order 


HARRISON KEEPS GRUMMAN 


Harrison Heat Exchangers Cool Engine Oil 
for All-Weather Turbine-Powered Observation Plane 


Day or night, in any kind of weather, the Army can 
rely on the Mohawk—with its visual, photo, radar, 
or infrared equipment—to observe battle areas 

and locate missile targets. And this high performance 
aircraft, powered by two Lycoming T-53L3 turbine 
engines, relies on Harrison heat exchangers to keep 
oil temperatures under surveillance. Harrison’s 

brand of reliability—‘“‘measurable excellence” — 
results from an “initial design to end use” concept 
which makes Harrison heat transfer products 
perform as intended—assuring complete dependability 
and peak efficiency under the most severe operating 
conditions. This reliability is built right into every 
one of Harrison’s 15 basic types of heat transfer 
construction—a complete line of designs, incidentally. 
which permits the selectivity that assures the right 
heat exchanger for every application. To save time 
and money on your temperature control problems— 
and to get a reliable solution—call in a Harrison 
Sales Engineer at the design stage. 


Typical Harrison formed 
plate-fin type aviation oil cooler. 


Harrison heat exchangers —quality 
products of General Motors Research and © 
Engineering—offer high reliability for 

aircraft, space and missile applications. 


Free For an informative 48-page 


brochure on the complete Harrison 
line . . . write to Department 902 


AIRCRAFT, AUTOMOTIVE, MARINE AND INDUSTRIAL HEAT EXCHANGERS 


HARRISON RADIATOR DIVISION, GENERAL MOTORS CORPORATION, LOCKPORT, NEW YORK 
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The Columbus Division of North American 
Aviation is one of the most complete 
centers of advanced systems technology in 
the world. Much of the progress in our mod- 
ern technology was pioneered in the exten- 
sive facilities operated by the Columbus 
Division. Here practical production evolves 
swiftly from original concepts. Economy 
through efficiency is the constant theme. This 
is true systems management capability... 
this is the Columbus Division. 


THE COLUMBUS DIVISION OF ns 
NORTH AMERICAN AVIATION, INC. “\ 


Columbus, Ohio 


GROUND LEVEL ESCAPE. The first successful rocket-cata- 
pulted ground-level escape system was developed by 
Columbus. In case of emergency it is equally effective 
on the ground or in the air...at landing or jet speeds. 
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RESEARCH AND DEVELOPMENT. Cryogenics researt! 
at Columbus led to the development of liquid ox” 


gen systems for aircraft. Now one cubic-foot © 
LOX can replace 862 cubic feet of gaseous oxys®! 
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NEW TARGET MISSILE. Two missiles in one, this unique target missile can carry 
out either high or low level missions equally well. It performs from subsonic 
through Mach 2 speeds, and from ground level to 60,000 feet. Under development 
for the Army by the Columbus Division, it is rocket launched, ramjet powered. 


search THE BIG “EAR.” The world’s largest radio telescope reflector, 600 feet in diameter 
d oxy" and more than seven acres in area, is being built by the Columbus Division for 
oot 0: Be the U.S. Naval Radio Research Station in Sugar Grove, West Virginia. The 10- 
cygel : foot thick movable reflector will have a potential range of billions of light years. 


munication. G. R. Sugar, R. J. Carpenter, and 
G. R. Ochs. J. Res., Sect. D - RP, Sept.-Oct., 
1960, pp. 495-500. 11 refs. Investigation of 
three mechanisms likely to produce regularly 
multipath propagation. These are: (1) the 
simultaneous existence of two meteor trails, (2) 
the existence of a Rayleigh-fading background 
continuum, and (3) the existence of two first- 
Fresnel zones along a single meteor trail. 


Computation and Measurement of the Fading 
Rate of Moon-Reflected UHF Signals. S. J. 
Fricker, R. P. Ingalls, W. C. Mason, M. L. Stone, 
and D. W. Swift. J. Res., Sect. B= RP, Sept.- 
Oct., 1960, pp. 455-465. Presentation of a 
method for predicting the fast fading rate of 
moon-reflected signals. 


Measurements of Changes in the Phase Path of 
Radio Waves Reflected From the Ionosphere at 
Normal Incidence. R.W.E. McNicol and J. A. 
Thomas. Australian J. Phys., June, 1960, pp. 
120-131. 

The Scattering of 36 Mc/s Radio Waves by 
Weak Auroral Ionization. J. S. Greenhow, E. L. 
Neufeld, and C. D. Watkins. J. Atmos. & 
Terrestrial Phys., Nos. 2/3, June, 1960, pp. 174— 
180. 10 refs. 


Scattering of Radio Waves by an Ionized Gasin 
Thermal Equilibrium. J. A. Fejer. Can. 
Phys., Aug., 1960, pp. 1114-1133. 14refs. Pres- 
entation of a theory for the scattering of radio 
waves by density fluctuations which exist in an 
ionized gas in thermal equilibrium. Expressions 
for the frequency power spectrum of the scattered 
waves are obtained and used to interpret the re- 
sults of observations of this type of scattering from 
the ionosphere in terms of electron density and 
temperature. 


Equipment 


Hydraulic & Pneumatic 


Space Age Ushers in Pneumatic Controls. 
J. K. Wetherbee and J. W. Billheimer. Battelle 
Tech. Rev., Aug., 1960, pp. 7-13. Discussion 
of pneumatic controls as a possible solution to 
high-temperature problem in high-speed 
ight 


Ball Valves Permit Compact Flight Actuator 
Design. W.M. Morrison. Hydraulics & Pneu- 
matics, Aug., 1960, pp. 98, 100-102. Discus- 
sion of Leduc’s design approach to aircraft 
servocontrol actuators, which assures light 
weight, small size, no sticking or seizing, zero 
leakage, and easy modification. 


Fuels & Lubricants 


New Fuels Have High Heat Sink Values. Av. 
Week & Space Tech., Oct. 3, 1960, pp. 90-92. 
Discussion comparing the performances of 
liquified methane, ethylene, propane, isopen- 
tane-isohexane, aviation gasoline, JP-4, and 
JP-z, including also the effect of these fuels on 
aircraft performance, advantages and design 
= ground storage, and previous re- 
search. 


Polyphenyl Ethers Provide Hydraulic Fluids 
for 1000 deg F. Charles Spar. Space/Aero- 
nautics, Sept., 1960, pp. 89, 90. 


Consideratii Asupra_ Lubrificatiei Tridimen- 
sionale in Regim Turbulent. V. N. Constan- 
tinescu. Stud. Cerc. Mec. Aplic., No. 4, 1959, 
pp. 1093-1112. 10 refs. In Rumanian, with 
summaries in Russian and French. (Also in 
Rev. Méc. Appl., No. 1, 1960, pp. 47-66.) Study 
of the lateral velocity distribution in the flow 
of a lubricating layer, using Prandtl’s hypoth- 
esis on the mixing length, as well as some pre- 
viously obtained results. 


Limiti Attuali alle 
dei Propellenti Chimici. A.C. Robotti. (AIR 
Ist Natl. Congr., Genoa, Oct., 1959.) Missili, 
Feb., 1960, pp. 21-27. In Italian. Defini- 
tion of high-energy propellants and determination 
of their optimum performance limits. A com- 
parative survey is made of the heat contents re- 
quired to yield specific impulses in the range 
from 200 to 800 sec. and the heat contents avail- 
able in the product of a number of chemical re- 
actions, including those of high exothermic value. 
It is shown that only hydrogen and helium have 
sufficient heat content at 3,000°K. to allow 
specific impulses above 350 sec. The _ possi- 
bility of a rocket engine operating on mona- 
tomic hydrogen is considered. 

Recenti Sviluppi nella Chimica dei Propellenti. 
R. M. Corelli. (16th Natl. Aero. Congr., Pisa, 
Oct. 5-8, 1959.) L’Aerotecnica, Feb., 1960 
pp. 8-24. llrefs. In Italian. Review of data 
on chemical propellants, covering the concepts of 
thermochemistry, with particular reference to 
factors limiting the performance of propellants. 
The principal components, both oxidizers and 
fuels, that have been or can be developed are 
described; the principal physical and opera- 
tional characteristics of propellant systems are 
given in tabular form. Finally, the use of free 
radicals, which have been considered as po- 
tential sources of very high thermochemical 
energy, is briefly discussed. 

La Scelta dei Propellenti nel Progetto degli 
Endoreattori per Aviazione. A. C. Robotti. 
(16th Natl. Aero. Congr., Pisa, Oct. 5-8, 1959.) 
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L’ Aerotecnica, Feb., 1960, pp. 47-55. 16 
refs. In Italian. Summarized presentation of 
basic considerations involved in the choice of 
propellants for rocket power plants, and discus- 
sion of the trend in the American, British, and 
French research in the field of different propellant 
combinations. 


Stability of Some Potential Rocket Fuels in the 
Molten State. R. P. Rastogi, R. K. Nigam, 
and Harbans Lal. ARS J., Sept., 1960, pp. 
905-907. Study of the stability of diborane- 
ether complexes and hydrazine hydrate. 


Propellant Substitutions in Powerplants for 
Manned Space Vehicles. R. Cramer and 
H. A. Barton. SAE J., Aug., 1960, pp. 66- 
70. Study of four propellant combinations to 
determine if rocket power plants can accept 
propellants other than those they were originally 
designed to use. This involves the determination 
of physical and chemical compatibility for the 
different combinations, including oxygen and 
hydrazine, oxygen and hydrogen, nitrogen tetrox- 
ide and hydrazine, and hydrazine and penta- 
borane. 

Round-Up of Cryogenic Fluids for Missile 
and Space Propulsion Systems. E. L. Mc- 
Candless. SAE J., Sept., 1960, pp. 64, 65. 
Summary of toxicity, corrosive properties, and 
physical properties of liquid fluorine, oxygen, 
hydrogen, helium, ozone, and nitrogen. 

Some Solid Propellant Developments. I, 
A. J. Zaehringer. Missile Des. & Devel., Sept., 
1960, pp. 24-26. Discussion of the areas of 
progress in solid propellant rockets and study 
of the types of solid propellants, including also 
performance data. 


Gliders 


The Phoenix as a Solution to Optimum Cross- 
Country Soaring. August Raspet and Dezo 
Gyorgyfalvy. Soaring, Aug., 1960, pp. 6-10. 
llrefs. (Alsoin Schweitzer Aero-Rev., June, 1960, 
pp. 395-398.) Comparison of the Phoenix sail- 
plane as to cross-country cruising performance 
with two other sailplanes, the RJ-5 and the HP-8. 


Ice Formation & Prevention 


El Hielo. F. L. Gil. Rev. Aero., Feb., 1960, 
pp. 109-113. In Spanish. Discussion of the 
problem of ice formation and the hazards con- 
nected with its occurrence in flight, as well as 
description of protective equipment. 


Instruments 


Variable-Mu Magnetometer. Electro-Mechan- 
tics Co. Final Rep. (AFCRC TR 59-208)[AD 
210483), Jan. 5, 1959. 22 pp. 


Flight Instruments 


True Airspeed Indicator. Flight Mag., Aug., 
1960, pp. 31, 36. Description of an instrument 
that includes a compensator unit with a small 
heat-sensitive, bimetallic arm acting as a thermo- 
stat to adjust a tiny valve for temperature effect, 
and a small aneroid to adjust the valve for alti- 
tude effect. 

The Advantage of an Angle of Incidence Indi- 
cator. A Boisson. Interavia, July, 1960, pp. 
842-844. Discussion emphasizing the role played 
by the angle of incidence in the aerodynamics and 
the piloting of an aircraft. The simplicity of the 
procedure using an incidence indicator instead 
of a single airspeed indicator is pointed out, ap- 
plications of incidence indicators are investi- 
gated, and an instrument manufactured by |’ Ap- 
pareillage Aéronautique is presented. 

The MHemispherical, Differential Pressure 
Yawmeter at Supersonic Speeds. L. J. Beecham 
Gt. Brit., RAE TN Aero. 2687, June, 1960. 24 
pp. 16 refs. 

X-15 All-Attitude Flight Data System. Auto. 
Control, July, 1960, pp. 50-52. Presentation of 
the design characteristics of the stabilizer, com- 
puter, and control panel of the X-15. 


Flow Measuring Devices 


The Pitot-Static Tube. R. A. Strandberg. 
Aerotec Ind. Rev., Summer, 1960, pp. 3-5. 
Discussion of the need for a quick-disconnect tube 
in the pitot tube of the LaCrosse and Bomarc 
missiles. 


Gyroscopes 


Ob Ustoichivosti Dvizheniia Tiazhelogo Giro- 
skopa v Kardanovom Podvese. A. M. Taba- 
rovskii. Prikl. Mat. i Mekh., May-June, 1960, 
pp. 572-574. In Russian. Study covering 
the stability of motion of a heavy gyroscope on 
gimbal supports for the case when the axis of 
the external ring forms an arbitrary angle with 
the vertical. The stability of certain stationary 
solutions is studied and a partial solution is given 
for the horizontal position of the external ring 
axis, 


Recording Equipment 
New Ampex Recording System Expands 


Phenomena Frontier. Res./Devel., Aug., 1960, 
pp. 78-80. Description of a system consisting 
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of one airborne and one ground unit. The air- 
borne unit only records information, but the 
ground unit is a complete recording and repro- 
ducing system. 


Stress & Strain Measuring Devices 


A Technique for Matching the Temperature 
Sensitivity of High Stability Strain Gauges. 
A. L. Knight. Gt. Brit., RAE TN Instn. 168, 
May, 1960. 24 pp. 


Laws & Regulations 


Per un Diritto Spaziale. Giorgio Vago. Riv. 
Aero., Feb., 1960, pp. 185-218. In Italian. 
Survey of the legal problems of space, covering 
the definition of outer space regions, establish- 
ment of space laws, and evaluation of these laws 
in terms of future progress in space exploration. 


Problemi Giuridici della Spaziale- 
Il. Amedeo Giannini. Riv. Aero., June, 1960, 
pp. 879-900. In Italian. Analysis of the legal 
aspects of space exploration, problems of space 
navigation before the U.N., legal state of strato- 
spheric space, space stations, and sovereignty of 
terrestrial states on other planets. 


Lighter-Than-Air 
Dirigibles. Silvino| Garcia Alonso. Rev. 
Aero., Jan., 1960, pp. 5-12. In Spanish. Dis- 


cussion covering the development of dirigibles 
since the beginning of World War II, including 
a survey of their use. 


Machine Elements 


Bearings 


Investigations on the Operating Conditions of 
Journal Bearings. II—-Global Characteristics in 
the Case of Variable Viscosity. N. Tipei and 
Al. Nica. Rev. Méc. Appl., No. 1, 1960, pp. 
33—45. (Also in Stud. Cerc. Mec. Aplic., 
No. 4, 1959, pp. 1079-1092.) 

Steady Performance Characteristics of Gas- 
Lubricated Journal Bearings With Slenderness 

_ /D = mw. W. A. Gross. J. Aerospace 

, Nov.,' 1960, pp. 869, 870. 


yrctens of Effect of a Non-Newtonian Oil on 
Friction and Eccentricity Ratio of a Plain Jour- 
nal Bearing. G. B. DuBois, F. W. Ocvirk, and 
R.L. Wehe. U.S., NASA TN D-427, May, 1960. 
43 pp. OTS, $1.25. Experimental and analytical 
investigation of the effects on the friction and oil 
film thickness of a journal bearing of using a 
non-Newtonian lubricating oil whose viscosity 
decreases at high rates of shear. 


Wear, Solid Lubrication, and Bearing Material 
Investigation for High- Speed Track Applica- 
tions. M.R. Wolfson. USAF MDC TR 60-7, 
Mar., 1960. 53 pp. 


Seals 


How to Get Positive Gas Sealing With Flared 
Fittings. C.M. Richards. SAE J., Oct., 1960, 
pp. 77-79. 

O-Ring Size & Part Number Cross-Reference 
Chart. SAE AIR 63, July 15, 1960. 4 pp. 


Springs 

The Inertial Effects of Springs in Resonance 
and Free Oscillation Experiments to Determine 
Damping. M. D. Frost. Australia, Aero. 
Res. Comm. Rep. ACA-61, Aug., 1959. 24 pp. 


Materials 


Ceramics & Ceramals 


Some Physical Properties of Thoria Rein- 
forced by Metal Fibers. Y. Baskin, Y. Harada, 
and J. H. Handwerk. (Am. Ceram. Soc. 60th 
Annual Meeting, Pittsburgh, Apr. 30, 1958.) 

m. Ceram. Soc. J, Sept., 1960, pp. 489-492. 
Presentation of data obtained at room tempera- 
ture on compressive strength, modulus of rupture, 
and Young’s modulus (dynamic method), and 
of data obtained at elevated temperatures on 
thermal conductivity and expansion, oxidation 
resistance, modulus of rupture, and Young’s 
modulus. 


Corrosion & Protective Coatings 


Conversion Coatings for Metal Surfaces. 
I—Processes. L. F. Spencer. Mach. Des., 
Sept. 15, 1960, pp. 154-160. Discussion of the 
types of conversion coatings generally in use and 
of the characteristics and applications of each. 


General Research in Materials and Propulsion 
—Metallurgy and Chemistry. V—-High-Tem- 
perature Corrosion of Beryllium in Air. W. 
Bradshaw and E. S. Wright. Lockheed Air- 
craft Missiles & Space Div., vol. II, TR LMSD- 
288140, Jan., 1960. 44 pp. Navy-supported 
investigation of the corrosion of beryllium in air 
in the temperature region from 930° to 
1,295°C. and in pure nitrogen at 980° to 1,079°C., 
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showing that the corrosion of beryllium in air 
follows a linear rate and is temperature depend- 
ent. 


General Research in Materials and 
pulsion—Metallurgy and Chemistry. VI—Stregs 
Corrosion Cracking of Beryllium. C. M. Picker. 
Lockheed Aircraft Missiles & Space Div, vol. 
II, TR LMSD-288140, Jan., 1960. 23 
Navy- -supported investigation of the resistance 
to stress corrosion cracking in QMV block and 
sheet beryllium, both uncoated and ano: lically 
coated and exposed to a salt spray. 


Oxidation of Niobium. Tech. News Bul., 
July, 1960, pp. 123, 124. Study of the oxida- 
tion mechanism in niobium. It is found that the 
initial oxide surface layer does not protect the 
metal from further oxidation, but that, on the 
contrary, an increase in oxidation rate can be 
observed after the initial layer is formed. This 
increase is shown to be due to the continued 
nucleation and growth of porous niobium pen. 
toxide. 


High Temperature Oxidation of Niobium. 
Per Kolstad, Hallstein Kjgllesdal, Joar Markali, 
and Nico Norman. Cen. Inst. Ind. Res. TSN 2, 
Apr., 1960. 61 pp. 37 refs. USAF-spon- 
sored study of the oxidation behavior of pure 
niobium in a temperature range of 500°-1,200°C, 
and at oxygen pressures of 760, 100, 10, 1, and 
0.1 mm. of Hg. Niobium exhibits an unusual 
and rather complex oxidation behavior as eyi- 
denced by the fact that the oxidation has a highly 
irregular temperature dependence and is unusually 
sensitive to changes in the oxygen pressure. 


Oxidation Studies of Niobium Base Alloys. 
Per Kofstad, Hallstein and Nico 


Norman. Cen. Inst. Ind. TSN 3, Apr., 1960. 
61 pp. 35 refs. USAF- eaasnes study of the 
oxidation of binary, ternary, and er ary nio- 
bium alloys at temperatures of 600°, 900°, 

and 1,200°C. 

Metals & Alloys 


of on Crystal Plasticity. 
D. boav. Palermo U. Inst. Phys. Rep. 
(AFOSR TR 59-27) [AD 212257), Jan., 1959. 
24 pp. 34 refs. Development of a simple theory 
for the plastic properties of metal crystals. 


The Behaviour of Grain Boundaries in Metals in 
a Temperature Gradient. R. W. Cahn and R 
W. Lucas. U. Birmingham Dept. Phys. Metal- 
lurey Final TSR (AFOSR TR 59-126), Oct., 
1956—Oct., 1959. 32 pp. 14 refs. Investiga- 
tion of recrystallization, the structure of grain 
boundaries at high temperatures, and the modi- 
fication of these structures by the presence of 
solute atoms. 


Vacuum Melted Materials. H. C. Child. 
Materials & Design, London, 
Feb. 22-26, 1960, Paper. 21 pp. 27 refs 
Brief description of the vacuum-melt process 
and presentation of properties for metals that 
can be vacuum melted. 


Spectral Emissivity, Totai Emissivity, and 
Thermal Conductivity of Molybdenum, Tan- 
talum, and Tungsten Above 2300°K. R. D 
Allen, L. F. Glasier, Jr., and P. IL. Jordan. 
J. Appl. Phys., Aug., 1960, pp. 1382-1387. 
Navy-sponsored research. 


The Mechanism of Hardening in 17- a 3 
Stainless Steel. E. E. Underwood, A. 
Austin, R. E. Maringer, and G. K. hectnies 
USAF WADD TR _ 60-236, June, 1960. 47 
pp. 19 refs. 


Metals & Alloys, Nonferrous 


Some Observations on the Fracture of a Cast 
Aluminium Silicon Copper Alloy (BS.L51). 
D. A. Ryder. Gt. Brit., RAE TN Met./Phys 
319, Apr., 1960. 12 pp. 


General Research in Materials and Propul- 
sion—Metallurgy and Chemistry. IX—Studies 
of the Gas Carburization of Niobium. A 


Ottenberg. Lockheed Aircraft Missiles & Space 
Div., vol. II, TR LMSD-288140, Jan., 1960 
38 pp. 17 refs. Navy-supported study of the 


gas carburization process of metallic niobium 
indicating that the mechanism at the gas-solid 
interface proceeds through the formation of 4 
chemical complex between the hydrocarbon gas 
and the surface, which is followed by the strip- 
ping-off of hydrogen to yield a chemically bound 
carbon atom which diffuses into the interior. 


Gallium Binary Phase Diagrams. E. H. 
Wright and L. A. Willey. Alcoa ARL IP 16, 
1960. 10 pp. 


General Research in Materials and Pree 
sion—Metallurgy and Chemistry. X—Study 
of Halide-Containing Oxide Films on Colum- 
bium. F. J. Clauss and S. Drake. Lockheed 
Aircraft Missiles & Space Div., vol. II, TR LMSD- 
288140, Jan., 1960. 12 pp. Investigation of 
the feasibility for retarding oxidation at elevated 
temperatures by pretreatment to form oxide 
films containing halide ions. 


Aluminum Binary Equilibrium 
E. H. Wright and L. A. Willey. 
TP 15,1960. 46 pp. 411 refs. 

Structural Aluminium Alloys for High Speed 
Flight. W.M. Doyle. (Joint RAcS 
Branch & IME So. Branch Meeting, Apr. 13. 
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1960.) RAeS J., Sept., 1960, pp. 535-548. 12 
refs. Presentation of data on the mechanical 
properties of newly developed aluminum alloys, 
emphasizing their use for supersonic aircraft. 


An Experimental Determination of Axial 
Load Fatigue Strength of Two Commonly Used 
Aircraft Specification Aluminium Alloys 24S- 
T3 and L-72. S. Ramamritham and S. Kumar. 
Aero Soc. India J., May, 1960, pp. 26-39. 


General Research in Materials and Propul- 
sion—Metallurgy and Chemistry. I—Elec- 
tronic Structure of Beryllium. G. C. Kuczynski. 
Lockheed Aircraft Missiles & Space Div., vol. 
ll, TR LMSD-288140, Jan., 1960. 26 pp. 10 
refs. Investigation to correlate the structure 
of insensitive physical properties of beryllium 
on the basis of the theory of solids. Special 
attention is paid to the thermal, elastic, and elec- 
trical properties, and an explanation is proposed 
for the decrease of lattice parameters ratio with 
temperature. 


General Research in Materials and _ Propul- 
sion—Metallurgy and Chemistry. II—Elec- 
trical Resistivity of Beryllium. J. Ho and E. S. 
Wright. Lockheed Aircraft Missiles & Space 
Div., vol. IJ, TR LMSD-288140, Jan., 1960. 16 
pp. Navy-sponsored research. 


General Research in Materials and Propul- 
sion—Metallurgy and Chemistry. IlI—Plastic 
Deformation in Beryllium. E. C. Burke. 
Lockheed Aircraft Missiles & Space Div., vol. II, 
TR LMSD-288140, Jan., 1960. 16 pp. 11 refs. 
Discussion of the gross growth structure of 
electrodeposited beryllium crystals, including 
metallographic and hardness indentation ob- 
servations, stereographic projection of beryllium, 
and electropolishing procedures. 


General Research in Materials and Propul- 
sion—Metallurgy and Chemistry. IV—Beryl- 
lium Analyzed for Trace Impurities by Gamma- 
Ray Activation. W. Bradshaw, R. Johnson, 
and D. Beard. Lockheed Aircraft Missiles & 
Space Div., vol. II, TR LMSD-288140, Jan., 
1960. 26 pp. 18refs. Navy-supported presen- 
tation of the gamma-ray activation method for 
the analysis of trace quantities of oxygen, car- 
bon, and nitrogen in high-purity beryllium. 


General Research in Materials and _Propul- 
sion—Metallurgy and Chemistry. VIII—Spe- 
cific Heats of Beryllium and an Alloy at Room and 
Elevated Temperatures. E. Kanazawa and 
C. M. Packer. Lockheed Aircraft Missiles & 
Space Div., vol. Il, TR LMSD-288140, Jan., 
1960. 21 pp. Navy-supported investigation 
using the calorimetric method with a standard 
specimen to determine the heat content equation 
for an alloy for the range 80° to 1,000°F. and for 
Brush QMV beryllium for the range 80° to 

000°F. 


General Research in Materials and _ Propul- 
sion—Metallurgy and Chemistry. VII—Grain 
Refinement in Beryllium by Alloying. D. Crooks 
and H. Sumsion. Lockheed Aircraft Missiles & 
Space Div., vol. II, R LMSD-288140, Jan., 
1960. 42 pp. 30 refs. Navy-supported study 
covering a survey of literature of the ductility 
characteristics of beryllium and the effect of 
purity on ductility, with particular reference to 
the effect of alloying upon grain refinement of 
the cast metal. An experimental procedure is 
described for producing alloy buttons along with 
a method of evaluation and its results. 


The Fatigue Notch Sensitivity of Annealed 
Copper. J. Y. Mann. Australia, ARL S@M 


Rep. 272, Sept., 1959. 18 pp. 17 refs. 


Nonmetallic Materials 


The Effect of Heat and Moisture on the Ten- 
sile Strength of Quartz Fibres. R. B. King. 
Gt. Brit, RAE TN Chem. 1371, May, 1960. 7 
pp. 

Dislocations and Twinning in Graphite. A. 
J. Kennedy. Coll. of Aeronautics, Cranfield, 
Rep. 130, Apr., 1960. 7 pp. 


Silicone Rubber Insulation Beats Hyper- 
Environments. O.F. Hoyt. Space/Aeronautics, 
Sept., 1960, pp. 109, 110. 


Liquid Oxygen Impact Sensitivity of Various 


Elastomers. J. R. Jordan. Missile Des. & 
Devel., Sept., 1960, pp’ 60, 61. 

Testing Methods 

Elastic Strain-Microhardness _ Relationship 
Studies. D. A. Bolstad and E. C. Roberts. 


Trend in Eng , July, 1960, pp. 25, 26. Dis- 
cussion of experiments and experimental results 
on hardness decreases found by elastically 


es a series of specimens of 2024 aluminum 
alloy. 


Mathematics 


Algebras 


a Lattices Whose Congruences Form a Boolean 
Igebra. Peter Crawley. Pacific J. Math., 


Fall, 1960, pp. 787-795, 


Differential Equations 


The Numerical Integration of Ordinary Dif- 
ferential Equations ossessing Exponential 
Type Solutions. S. C. R. Dennis. Cambridge 
Philos. Soc. Proc., July, 1960, pp. 240-246. 
Presentation of a procedure for an approximate 
numerical solution to ordinary differential equa- 
tions when the wanted solution exhibits ex- 
ponential characteristics. 


Split Runge-Kutta Method for Simultaneous 
Equations. J.R.Rice. J. Res., Sect. B- MMP, 
July-Sept., 1960, pp. 151-170. Presentation of 
two Runge-Kutta type integration methods de- 
veloped for simultaneous first-order differential 
equations, which retain the desirable proper- 
ties of the Runge-Kutta methods. They are 
applicable to six degree of freedom missile simu- 
lations. 

Properties of Solutions of Parabolic Equa- 
tions and Inequalities. M. H. Protter. U. 
Calif. Dept. Math. TR 8 (AFOSR TN 60-282), 
Mar., 1960. 24 pp. Study concerning the 
asymptotic behavior of parabolic inequalities 
and the uniqueness of the Cauchy problem for 
such inequalities when the data are prescribed 
on a portion of a time-like surface. 

On the Dirichlet Problem for Certain Higher 
Order Parabolic Equations. R. K. Juberg. 
Pacific J. Math., Fall, 1960, pp. 859-878. ONR- 
sponsored research. 


Hoelder Continuity and Initial Value Prob- 
lems of Mixed Type Differential Equations. 
Y. W. Chen. Comm. Math. Helvetici, Fasc. 4, 
1959, pp. 296-321. 17 refs. Reprint. USAF- 
supported research. 


The Numerical Solution of Boundary-Value 
Problems for Certain Hyperbolic Linear Dif- 
ferential Equations. H. J. Stetter. Munich 
Tech. Hochsch. Math. Inst. TN 7 (AFOSR TN 
59-673)[AD 218385], Apr. 24, 1959. 38 pp. 
10 refs. Investigation of methods yielding a 
numerical solution of certain boundary-value 
problems of a linear partial differential equation 
related to the wave equation. 


Asymptotic Behavior and Uniqueness Theorems 
for Hyperbolic Equations and Inequalities. 
M. H. Protter. U. Calif. Dept. Math. TR 9 
(AFOSR TN 60-300), Mar., 1960. 19 pp. 


Functions & Operators 


Distribution and General Theory of Dif- 
ferential Operators. Francois Tréves. U. Calif. 
Dept. Math. TR 1 (AFOSR TN 60-34), Jan., 
1960. 133 pp. 27 refs. Study of the tech- 
niques of topologic | linear spaces and Schwartz’s 
distributions in the field of linear partial dif- 
ferential equations. Emphasis is placed on the 
case of constant coefficients. 


Groups 

Triple Torsion Products and Multiple Kiin- 
neth Formulas. S. M. Lane. U. Chicago 
Dept. Math. Rep. (AFOSR TN 60-45), Nov., 
1959. 24 pp. 
Numerical Analysis 


On the Convergence of Iterative Processes for 
the Solution of Simultaneous Equations in 
Several Variables. W. F. Bodmer. Cambridge 


Philos. Soc. Proc., July, 1960, pp. 286-289. 


An Interative Procedure for Obtaining Frac- 
tional Roots of Real Numbers. E. M. Romer. 
USAF WADC TN 59-116 [AD 214428], Apr., 
1959. 11 pp. Presentation of an_ iterative 
procedure to obtain any integral root of a num- 
ber. Since only the use of the square root process 
is required in addition to the four basic arith- 
metic operations, this procedure is suitable for 
use on desk calculators and can easily be adapted 
for digital computer applications. 


Solution of the Poisson Equation Related to a 
Boundary-Value Problem for the Sphere. E. E. 
Jones. ZAMP, July 26, 1960, pp. 265-272. 
Presentation of solutions of differential equa- 
tions of the Poisson type in regions external and 
internal to the sphere, when the equations fui- 
fill certain boundary conditions on the surface 
of the sphere. Application possibilities in theo- 
retical physics are discussed. 


Probability, Statistics 

Treatment Errors in Comparative Experi- 
ments. George Zyskind and Oscar Kempthorne. 
USAF WADC TN 59-19, Apr., 1960. 78 pp. 
44 refs. Investigation of a _ representative 
number of alternative experimental schemes in 
which explicit allowance is made for the fact that 
application of intended amounts of treatments 
may be subject to error. 


A Note on the Limiting Relative Efficiency of the 
Wald Sequential Probability Ratio Test. Robert 
Bechhofer. Cornell U. Sibley Sch. Mech. Eng. 
DIEA TR 15 (AFOSR TN 60-35), Jan. 8, 
1960. 6 pp. 

Infinitely Repeatable Games. Melvin Katz. 
Pacific J. Math., Fall, 1960, pp. 879-885. USAF- 
supported investigation of the relationship be- 
tween the class of approachable sets and the type 
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PROPELLANT 


DEVELOPMENT 


Another area 


of advanced inquiry at U.T.C. 


At United Technology Corporation's 


new multi-million-dollar research and 
development complex in the San 
Francisco Bay Area, a staff with unique 


capabilities is conducting a research 
| program of unusual scope. 


| 


Specific programs under investigation in 


the propellant development field include: 


e Fundamental mechanical properties 
of heterogeneous systems. 


© Kinetics of chemical bond rearrange- 
ments and influence on thermal 
stability. 

e Synthesis and stability studies of 
energetic molecules. 


Already this research is producing 
advanced concepts of 
major significance. 


UNITED 


TECHNOLOGY 


CORPORATION 


A subsidiary of United Aircraft Corporation 


P. O. Box 358 + Sunnyvale, Calif. 
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of information available to a player in a game with 
vector payoffs. 

Selected Bibliography of Statistical Litera- 
ture, 1930 to 1957. II—Limit Theorems. 
L. S. Deming. J. Res., Sect. B - MMP, July- 
Sept., 1960, pp. 175-192. 683 refs. 


Theory of Numbers 


Bounds for Sums of Reciprocals of Eigenvalues. 
Binyamin Schwarz. Technion Res. Devel. Found., 
Haifa, TSN 1(AFOSRTN 59-620) [AD 217684), 
July, 1959. 17 pp. refs. 

Lower Bounds for the First Eigenvalue of 
Elliptic Equations of Orders Two and Four. 
W. W. Hooker. U. Calif. Dept. Math. TR 10 
—- TN 60-806), Aug., 1960. 47 pp. 24 
refs. 


Topology 


The Functional Synthesis of Linear Plots. 
R. F. Dressler and J. P. Vinti. NYU Inst. 
Math. Sci. Rep. 1MM264 (AFOSR TN 60-40), 
Dec., 1959. 10 pp. Presentation of a method 
of synthesizing all the graphical representations 
for any number of parameters into the most gen- 
eral formula possible, expressing the function F 
as the product of a general multilinear function 
of the x’s and the exponential of a constant-free 
multilinear function of the y’s and of the log 
z's. 

A Nomogram for Solving Spherical Triangles. 
D. M. Hunten. Sask. U. Phys. Dept. Sci. Rep. 
BR-8 (AFCRC TN 58-292) [AD 152540], Mar., 
1958. 12 pp. 

On Canonical Conformal Maps of Regions of 
Arbitrary Connectivity. Edgar Reich and S. E 


Warschawski. Pacific J. Math., Fall, 1960, 
pp. 965-985. 23 refs. ONR-sponsored  re- 
search. 


Differential Forms of Bounded p-Variation. 
V. L. Shapiro. Rutgers U. Rep. (AFOSR TN 
60-759), July 7, 1960. 26 pp. 


Transforms 


Embedding of Algebraic Systems. Gerald 
Berman and R. J. Silverman. Pacific J. Math., 
Fall, 1960, pp. 777-786. Analysis yielding a 
representation theory for systems with arbitrary 
number of algebraic equations by systems of 
transformations. 


Mechanics 


An Approximation Theorem for Functionals, 
With Applications in Continuum Mechanics. 
B. D. Coleman and Walter Noll. Mellon Inst. 
Rep. (AFOSR TN 60-826), July, 1960. 33 pp. 

Contributions to the Kinematics of Chebychev’s 
Dyad. R. C. Bogdan and Chr. Pelecudi. Rev. 
Méc. Appl., No. 2, 1960, pp. 229-240. (Also 
in Stud. Cerc. Mec. Aplic., No. 4, 1959, pp. 1113- 
1124.) Discussion covering the development of 
the kinematic parameters of Chebyshev’s dyad 
on the basis of the harmonic analysis. 


Meteorology 
Hurricane Hunters. I. S. Balderstone. Shell 
Av. News, July, 1960, pp. 14-18. Discussion 


of the function of the 59th Weather Reconnais- 
sance Squadron, of the organization of the Air 
Weather Service, and of the complex new weather 
reconnaissance system code-named AN/AMQ-15 
which fits into the Boeing 707, thus turning the 
aircraft into the first jet-propelled weather and 
geophysical laboratory. 

A Study of the Alteration of Water Droplet 
Supercooling by Foreign Vapors. Appendix— 
Calculation of the Rate Temperature Rise After 
Expansion and the Cooling Rate of Small Drop- 
lets. J. C. Mullins, W. P. Hendrix, F. K. 
Hurd, and Clyde Orr, Jr. G/T Eng. Exp. Sta. Sci. 
Rep. 1 (AFOSR TN 60-505), Feb. 29, 1960. 34 
PP. 

Development of a Method of Forecasting the 
Occurrence and Base Altitude of Contrail For- 
mation. Weather Serv. Sci. Rep. (AFCRC TN 
60-231), Jan. 20, 1960. 45 pp. 

Evaporation From the Oceans. W. C. Swin- 
bank. U. Chicago Dept. Meteorology Sci. Rep. 
12 (AFCRC TN 60-211), Dec., 1959. 16 pp. 10 
refs. 

A Study of the 1.4u, 1.94 and 6.34 Water 
Vapor Bands at High Altitudes. D. G. Mur- 
cray, F. H. Murcray, W. J. Williams, and F. E. 
Leslie. U. Denver Dept. Phys. Sci. Rep. 4 
(AFCRC TN 60-265), Feb. 18, 1960. 27 pp. 

Water Vapor Distribution Above 90,000 Feet. 
D. G. Murcray, F. H. Murcray, W. J. Williams, 
and F. E. Leslie. U. Denver Dept. Phys. Sci. 
Rep. 5 (AFCRC TN 60-452), May 24, 1960. 
22 pp. 31 refs. 


La Gréle, Danger de Plus en Plus Grand 
pour 1’Aéronautique. Jean Alt. Secr. Gén. Av. 
Civ. Rev., Apr. 15, 1960, pp. 17-21. In French. 
Discussion of the problem of hail damage in 
aircraft, including a presentation of the incidence 
of hail, hail formation theories, usual meteoro- 
logical phenomena accompanying hail, the possible 
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extent and danger of hail damage in aircraft, 
especially commercial transports, and hail 
forecasting problems. 

Research on Relations Between Ice Nuclei 
and Atmospheric Aerosols. Hans-Walter Geor- 
- Johann Wolfgang Goethe U. Inst. Meteorology 

Geophys. Final TR (AFCRC TR 59-288), 
May, 1959. 115 pp. 75 refs. 

Direct Recording of Wind Slip. R. L. Ives. 
Franklin Inst. J., Sept., 1960, pp. 163-174. 
Discussion of methods for recording directly the 
relation of two wind speeds, S: and So, as a dif- 
ference, Si-S2, or as a ratio, S:/Se. 

Studies of the Properties of the Wind and 
Temperature Fields of the Upper Troposphere 
and Lower Stratosphere. Wan-Cheng Chiu. 
NYU Coll. Eng. Res. Div. Dept. Meteorology & 
Oceanography Final Rep. (AFCRC TR 50-215), 
Jan. 31, 1960. 232 pp. 119 refs. Compilation 
of 8 articles on the upper stratosphere and 
upper troposphere, including a description of the 
mean wind fields, study of the relative importance 
of different heat-exchange processes, analysis of 
radiosonde observations, and study of the trop- 
opause at different latitudes. 


The Horizontal and Vertical Wind Profiles 
of the Subtropical and Polar Jet for January 
1-7, 1956 and the Variation of the Equivalent 
Barotropic Level. Hassam Taba. Stockholm 
U. IMI TSN 4 (AFCRC TN 59-662), July 2, 
1959. 28 pp 

On Vertical Motions and Transversal Cir- 
culations at the Eastern and Western Side of 
Long-Wave Disturbances in the Summer Sub- 
tropical Jetstream. Friedrich Defant. Stock- 
holm U. IMI TSN 7 (AFCRC TN 60-226), 
1959. 64 pp. 

A Synoptic Investigation of the Flow and Mass 
Field in the Close Vicinity of the Summer Sub- 
tropical Jet Stream Relative to the Jet-Axis. 
Friedrich Defant. Stockholm U. IMI TSN 6 
(AFCRC TN 60-227), 1959. 70 pp. 

Research Directed Toward the Study and 
Application of Digital Data-Processing Methods 
to the Problem of Sensing and Recording Meteoro- 
logical Variables at Various Levels on an Exist- 
ing 1400-Foot Tower. W. S. Mitcham and 
J. R. Gerhardt. U. Texas Elec. Eng. Res. Lab. 
Final Rep. (USAF GRD TR 60-283), Apr. 30, 
1960. 15 pp. 

The Use of Selective Detectors for Atmospheric 
Measurements—-Phase One. J. L. Pritchard. 
Waters Assoc. Final Rep. (AFCRC TR 60-245, Pt. 
J), Apr., 1960. 40 pp 

Adaptation of an Electrolytic Water Vapor De- 
tector for Balloon Measurement of Water Con- 
tent of the Atmosphere—Phase Two. J. L. 
Waters. Waters Assoc. Final Rep. (AFCRC 
TR 60-245, Pt. II), Apr., 1960. 10 pp. 

On the Performance of Sensitive Cup Ane- 
mometers. N. E. Rider. Meteorological Mazg., 
Aug., 1960, pp. 209-215. Discussion of pos- 
sible sources of error associated with the use of 
sensitive cup anemometers and, more particularly, 
with the electric contact variant. Suggestions 
are made for a method of exposing these instru- 
ments, particularly profile work, which will 
minimize error. 

The Detection by CPS-9 Radar and Short 
Range Forecasting of Severe and Very Severe 
Thunderstorms. Ch. R.Shackford. Allied Res. 

ssoc. Sci. Rep. 5 (AFCRC TN 59-660), Dec. 
31,1959. 18 pp 

Radar Patterns as a Forecast Aid: A Case 
Study. Raymond Wexler. Allied Res. Asscc. 
Rep. (AFCRC TN 58-262) [AD 152619], May 29, 
1958. 20 pp 

Studies in Weather Analysis and Forecasting. 
U. Chicago Dept. Meteorology WF RC Final Rep. 
(AFCRC TR _ 60-232), Feb., 1960. 468 pp. 
196 refs. Compilation of 14 papers covering 
the research done over the period from Nov., 
1956 to Feb., 1960 on the effects of heat sources 
and sinks associated with the earth's surface 
on the development of weather and motion sys- 
tems; the problem of refinements in the mois- 
ture analyses and the methods for computing the 
amounts of precipitation resulting from large- 
scale vertical motion; and various other problems 
revealed by daily synoptic analysis. 

Graphical Output From Computers and the 
Production of Numerically Forecast or Analysed 
Synoptic Charts. J. S. Sawyer. Meteorological 
Mag., July, 1960, pp. 187-190. Discussion of 
possible methods of graphical computer output, 
including mechanical graph-plotters, printing 
devices producing a map, and cathode ray tube 
display. 


An Experiment in Stratified Climatology of 
Upper Winds. W. I. Christensen, R. A. Bryson, 
and Ch. W. Hutchins. U. Wis. Dept. Meteorology 
Sct. Rep. 2 (AFCRC TN 60-201), Feb., 1960. 
41 pp. Presentation of a contingency technique 
for forecasting 300-mb. geostrophic winds over a 
central point in a given area for the month of 
March. Eight years of data (1950-1957) are 
incorporated into the forecast scheme, and 
March 1958 is used for verification. 


An Experiment in the Interpolation of Pres- 
sure Contour Patterns in Areas of Missing Data. 
J. R. Blankenship, R. A. Bryson, and L. 5 
Horn. U. Wis. Dept. Meteorology Sci. Rep. 1 
(AFCRC TN 200), Feb., 1960. 52 pp. Study of 
a method of interpolating the pressure pattern 
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into an area of missing data from adjacen 
known data. 
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Atmospheric Structure & Physics 


The General Circulation of the Atmosphere in 
the Light of More Recent Investigations Fried 


rich Defant. Stockholm U. IMI TSN 3 AFC Ry 
TN 59-438), Apr., 1959. 38; 39 pp. 35 refs 
In German and English. Discussion of the 
characteristic phenomena inside the total at 
mospheric mass field and field of motion on the 


basis of recent synoptic-aerological investigations 
made in midwinter in the northern hemisphere _ 

Investigations on the Detailed Structure of the 
Atmosphere in Northern Hemisphere Mid-Sum. 
mer (15-20 July 1957, IGY-Data). Friedrich 
Defant. Stockholm U. IMI TSN 5 (AFCRe 
TN 59-664), Sept. 1, 1959. 125 pp. 

Tropical Meteorology—Research and Teaching. 
C.S. Ramage. U. Hawaii Inst. Geophys. Meteor. 
ology Div. Final Rep. (AFCRC TR 60-2-/0), May 
1960. 27 pp. 21 refs. Summary of investi, 
gations into problems of evapotranspiration 
typhoon development and movement, geostrophic 
winds, analysis of wind-weather relationships 
forecasting of upper winds, and the compilation 
of an extensive Pacific and Far East Synoptic 
data file. ‘ 

A Transformation for Non-Homentropic Flows 
With an Application to Large-Amplitude Motion 
in the Atmosphere. Chia-Shun Vih. J. 
Mech., Sept., 1960, pp. 68-80. Presentation of a 
transformation which reduces steady non-homen 
tropic flows of a compressible fluid to homentropic 
flows, provided diffusive and gravity effects are 
negligible. With this transformation, the equa- 
tion governing steady two-dimensional flows of a 
compressible fluid with variable entropy in q 
gravitational field is derived, which is then applied 
to the study of atmospheric waves in the lee of 
mountains. 


Abaque de l’Atmosphére de Référence e¢e 


Abaques Altitudes-Vitesses-Mach-Pressions- 
Températures. G. Chevallier. Docaéro, Jan 
1960, pp. 17-22. In French. Presentation 


of a new reference-atmosphere chart which does 
not have the altitude limitation of the ICAO 
chart. Also presented are expanded altitude. 
speed-Mach-pressure-temperature charts 


Dynamics of the Mesosphere. Julius London 
Bernhard Haurwitz, and Katsuyuki Ooyama 
NYU Coll. Eng. Res. Div. Dept. Meteorology & 
Oceanography Final Rep. (AFCRC TR 60-206) 
Dec., 1959. 37 pp. 17 refs. Summary of 
research on temperature, winds, and composition 
of the mesosphere over a period from June, 1956 
to June, 1959. The topics discussed include 
the radiation budget of the upper atmosphere, the 
distribution of atmospheric ozone, motions in the 
upper atmosphere, studies of atmospheric tides, 
and solar-weather relationships. 


Summary Data Tabulation of 300 mb Flow 
Characteristics for the Northern Hemisphere. 
J. F. Lahey, R. A. Bryson, H. A. Corzine, Ch 
W. Hutchins, and Alison Lathbury. U. Wis 
Dept. Meteorology Final Rep., Pt II (AFCRCTR 
59-270), Sept., 1959. 136 pp. 

An Advective Model of the Ocean Thermo- 
cline. Pierre Welander. Johns Hopkins U 
Sch. Eng. Sci. Rep. 1 (AFCRC TN 58-661) [AD 
213499), Dec., 1958. 30 pp. 


The Strong Index Change Period From Janu- 
ary 1 to January 7, 1956. Fr. Defant and H 


Taba. (Tellus, No. 2, 1958, pp. 225-242) 
USAF CRC TN 58-642, May, 1958. 18 pp 
22 refs. Reprint. 


Upper Air Research 


Arcas Temperature Data in the Mesosphere. 
D. E. Ogden and D. B. Swinton. Mo. Weather 
Rev., May, 1960, pp. 191, 192. Discussion of the 
direct measurements made by sounding rockets 
at Point Mugu, Calif. The data show good corre 
lation with theoretical standards and high level 
balloon soundings. 

Determinarea Densitatii Atmosferei la Inaltimi 
Mari cu Ajutorul Miscarii Satelitilor. D 
Mateescu. Rev. Transp., May, 1960, pp. 223 
225. In Rumanian. Presentation of a method 
for obtaining data on the density of the atmos 
phere at high altitude by using observations made 
by instrument-carrying weather satellites and 
sounding rockets. 


High Altitude Wind Data from Meteorological 
Rockets. C. L. Armstrong and R. D. Garrett 
Mo. Weather Rev., May, 1960, pp. 187-190 
Presentation of a preliminary summary of results 
obtained from meteorological rocket firings made 
by the United States Navy from Point Mugu, 
Calif., during the Fall of 1959 and the Winter ol 
1960. The data compare favorably with those 
obtained from high-level balloon soundings an¢ 
tend to support previous ideas on wind flow in the 
mesosphere. 


ManhighII. D.G.Simons. USAF MDCIR 
59-28 [AD 216892], June, 1959. 56 refs. Dis 
cussion of the Manhigh II flight conducted to 
explore several problem areas associated with 
manned space flight, including also the bhumat 
factor problems of sealed cabin requirements 
the effects of isolation in a confined space under 
space equivalent conditions on the pilot's produc 
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tivity index, the effects of cosmic radiation on a 
human subject, and an evaluation of the balloon 
yehicle as a stratosphere research laboratory. 


Missile, Rocket, & Space Technology 


Special Issue: Ballistic-Missile Defense. 
Astronautics, Oct., 1960, pp. 24-38, 40, 42, 47— 
9] (ff.). Partial Contents: Ballistic-Missile 
Defense: The Problem, A. W. Betts. Radar 
Systems, W. R. Hutchins. Interceptor Vehicles, 
A. F. Johnson. Novel Approaches, Ward Low. 
The Necessary Physics, J. W. Bond, Jr. The 
Choice of Defense, R. D. Holbrook and J. F. 
Gross. 

Consideraciones Sobre Proyectiles Dirigidos. 
Ll. J. A. Puig. Rev. Nac. Aero., July; Aug., 
959, pp. 22-26; 32-35. In Spanish. Survey 
of the fundamental characteristics of guided 
missiles covering the design, operation, and use of 
various types, as well as different guidance sys- 
tems. 

Rockets and Space Flight Up to 1960. I, II. 
The Engr., July 15; 22, 1960, pp. 
108 refs. Study of recent 


applications. . i 
developments in ground handling and launching 
gear of rockets and space— vehicles. Electric 
propulsion systems are classified in accordance 
with their principle of operation, and a summary is 
included of the space vehicles launched in 1959, 
which tabulates such information as name, carrier 
rocket launch date, purpose, and orbit. 


Probleme Actuale gi de Perspectiva ale 
Astronauticii. I—-Unele Probleme Referitoare 
la Rachete. S. Sdndulescu. Rev. Transp., 
Mar., 1960, pp. 110-114. In Rumanian. Dis- 
cussion of some problems related to the operating 
principles of rockets, fuels used, velocity achieved, 
as well as the guidance systems. 

El Cohete Césmico Soviético. (Pravda, Jan., 
1959.) Rev. Nac. Aero., Apr., 1960, pp. 38-48. 
In Spanish. Translation. Survey and evalua- 
tion of data on the Soviet cosmic rocket, in- 
cluding the installation of instruments and the 
results obtained on cosmic rays, on gases which 
compose the interplanetary space and the solar 
corpuscular radiation, meteorite particles, as 
well as magnetic measurements. 


Introduccién del Hombre en la Astrondutica- 
A. J. I. Ossoinak. Rev. Nac. Aero., Apr., 1959, 
pp. 12-15. In Spanish. Survey of the past and 
future development in the field of space explora- 
tion, covering artificial earth satellites, propul- 
sion units, and human factors. 


Satellite Costs Slashed by Air Breathing 
Boosters. W. H. Bond and R. F. Mawhinney. 
(SAE Natl. Aero. Meeting, New York, Apr. 5-8, 
1960, Preprint 177B.) SAE J., Sept., 1960, pp. 
76,77. Discussion of the advantages in using air 
breathing boosters, which include a saving in 63 
per cent of the fuel a rocket would use and which, 
being recoverable, would spread costs over many 
Missions. 


_ Recoverable Boosters—The Next Big Step 
in Satellite and Space Systems. R. P. B 
mann. ARS 14th Annual Meeting, 
Nov. 16-20, 1959, Preprint 1012-59. 28 pp. 
Discussion of the cost aspect of satellite and space 
systems planned for the near and distant future. 


A Reliable Time-of-Occurrence Marker for 
Missile Environments. J. L. Nelson and P. M. 
Grosz. Missile Des. & Devel., Sept., 1960, pp. 
28-30. Discussion of the performance, de- 
sign features, and applications of the event 
marker which conditions time-of-occurrence sig- 
nals in missiles or aircraft prior to transmission, 
in order to preserve bandwidth. 


Satellite Orientation Reference from Opto- 
Electronic Aspect System. ‘ . Tanton. 
Space/ Aeronautics, Sept., 1960, pp. 141, 142, 
144-148 (ff.). Description of an opto-electronic 
aspect-measuring system for establishing a ref- 
erence to aid in interpreting data received from 
an orbital vehicle. Both equipment and geo- 
metrical considerations are covered. 


Research Directed Toward the Development of 
Photo-Optical, Electronic, and Calibration Ap- 
Paratus. A. D. Bailey, H. S. Baird, E. 
Grojean, L. J. Nardone, R. K. Soberman, and 
Jacob Wiren. Northeastern U. ERL Final TR 
ag TR 60-234), Mar. 31, 1960. 46 pp. 

rels, 


Special Issue: 


S GSE. Missiles & Rockets, 
Sept. 19, 1960, pp. 23-50. Partial Contents: 
ard-Based Minutemen vs. Mobility, James 
Baar. Mobility 


I Adds to Support Problems, 
Hal Gettings. “Mobile Minutemen to be ‘‘Ran- 
domized,” W. E. Howard. How Huge Saturn 
Tower Was Designed, N. M. Schroeder. Staad- 
ardization Cuts Cost of Bullpup Support, J. P. 


rosress Made in Checkout ‘‘Versa- 
, 0. Ca i 
on the Way, ampbell. Universal Test Systems 


remesse al Lancio dei Satelliti Lunari. I. 
- LE. Presenza. _ Riv. ero., Jan., 1960, 
Pp. 29-47. In Study covering the 


definition and development of certain basic con- 
cepts in the realization of lunar satellites. 
Covered are, in particular, the equations of 
motion of the rocket, the movement of the moon, 
and calculation of a possible earth-moon tra- 
jectory. 

Premesse al Lancio dei Satelliti Lunari. II. 
E. L.-E. Presenza. Riv. Aero., Feb., 1960, pp. 
243-261. In Italian. Survey of various factors 
of importance in the launching of satellites, in- 
cluding velocity, mass, force, acceleration, and 
time. Examples of single- and multistage rockets 
are covered and re-entry into the earth’s atmos- 
phere is considered. 


Support Systems. the Future. R. W. 
—- Aerospace Engrg., Nov., 1960, pp. 


Discussion of the trends in weapons 
systems and space missilry and their effects on 
requirements for support systems equipment, 
including the most important problem areas of the 
future for support systems. 


General Research in Flight Sciences—Flight 
Dynamics and Space Mechanics. III—Fuel 
Requirements for Crude Interplanetary 
Guidance. J. V. Breakwell. (AAS Western 
Natl. Meeting, Los Angeles, Aug. 4, 5, 1959.) 
Lockheed Aircraft Missiles & Space Div., vol. III, 
TR LMSD-288139, Jan.,1960. 20pp. Analysis 
considering the effect of errors in interplanetary 
position measurement and of errors in corrective 
thrust mechanization upon the subsequent 
trajectory. Some preliminary conclusions are 
reached concerning the optimum spacing of cor- 
rective thrusts and the associated fuel require- 
ments for typical trips. 


Puntualizaciones. F. H. Sainz. Rev. Aero., 
June, 1960, pp. 451-461. In Spanish. Survey 
of various types of surface-to-surface missiles, 
covering the purely ballistic and atmospheric 
types. 


The Accuracy of AMR Instrumentation. RCA 
Quality Analysis TR 11 (AFMTC TR 60-13), 
May 5, 1960. 79 pp. 63 refs. Presentation of 
the best available estimates of the accuracy of 
RCA/MTP tracking instrumentation in use on the 
Atlantic Missile Range. A discussion is made of 
the character of errors encountered and the 
methods used to determine estimates of errors. 

A Device for Automatically Tracking the Roll 
Position of a Missile. R. W. Lowrie. IRE 
Trans., SET Ser., June, 1960, pp. 67-69. Presen- 
tation of an optical method of roll reference which 
utilizes the relative positions of two flares of 
different color attached to the rear of the missile. 


Askania_ Cine-Theodolite Data Reduction 
Manual. E. S. Smith. RCA Data Proc. TR 
56 (AFMTC TR 60-1), Jan., 1960. 136 pp. 
Discussion of the acquisition and use of basic 
Askania Cinetheodolite data to determine the 
space coordinates of an object in flight. 


Determination of the Preliminary Orbits of 
Artificial Satellites From Observations With 
Time Approximately Known. Yu. V. Batrakov. 
(Inst. Teoret. Astr. Bul., vol. 7, No. 7, 1960, pp. 
570-580.) ARS J. Suppl., Sept., 1960, pp. 
859-864. Translation. Analysis introducing the 
assumptions that the observations lie on one 
loop and cover not too large a section of the orbit. 
It is shown that the problems can be solved only 
if there are more than three observations. Equa- 
tions are obtained for topocentric distances and 
for quantities which are used to determine the 
time intervals between observations. 


Method for Improving Orbits of Artificial 
Satellites of the Earth Using Observations With 
Approximate Values of Time. D. K. Kulikov 
and Yu. V. Batrakov. (Inst. Teoret. Astr. Bul. 
vol. 7, No. 7, 1960, pp. 554-569.) J 
Suppl., Sept., 1960, pp. 865-874. 12 refs. 
Translation. Development of equations of 
condition, one of which is independent of time 
error. Certain orbit elements are shown to be 
determined from equations that are independent 
of the time errors, and a study of the optimum 
conditions for the determination of these elements 
is made. Equations of condition are also ob- 
tained for the corrections to the absolute coordi- 
nates of the observation stations. 


Controlled Recovery of Nonlifting Satellites. 
R. . Detra, F. R. Riddell, and P. H. Rose. 
(ARS Controllable Satellites Conf., Cambridge, 
Apr. 30—May 1, 1959.) ARS J., Sept., 1960, pp. 
892-898. 

Recuperacién de Ojivas. M. B. Aranda. 
Rev. Aero., June, 1960, pp. 462-469. 13 refs. 
In Spanish. Survey of problems involved in the 
recovery of rocket instrument capsules, including 
such aspects as heating, thermal protection, and 
temporary communications blackout during re- 
entry; impact velocity and the use of fins and 
parachutes during the landing phase; and the 
location and recovery procedures. 

Geodetic Latitude and Altitude of a Satellite. 
W. Berger and J. R. Ricupito. 
Sept., 1960, pp. 901, 902. Analysis for the pur- 
pose of determining a satellite position above the 
earth, given only the geocentric position vector of 
the satellite. The Lagrange multiplier method is 
avoided by a geometric derivation of an exact 
trigonometric equation for the geodetic latitude. 
By series expansion of the exact equation, an 
analytic approximation is obtained for the 
correction term, which, by addition to the geo- 
centric latitude, gives the geodetic latitude. The 


altitude of the satellite then follows from the law 
of cosines. 


(Continued on page 115) 
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THE MARK OF QUALITY 


BARBER 


COLMAN 


operates 1000 hr at 1000°F 
... hermetically sealed 


Here is an entirely new, hermetically 
sealed solenoid that may open up many 
important new design avenues for you. 
Rated for twice the life of previous 
models . . . can be used with electro- 
mechanical devices operating at tem- 
peratures previously nonaccessible. 
Special ceramic protective coating 
helps unit achieve a guaranteed life 
rating of 1000 hours at 1000°F. Priced 
substantially lower than present non- 
hermetic units on the market. 


CHARACTERISTICS 


Operating temperature— to 1000°F 

Plunger travel— .020” 

Average output force at 8 watts & 1000°F— 
1.5 1b 

Average output force at100 watts & 1000°F 
—2.7 Ib 

Weight— .28 Ib 

Meets requirements MIL-E-5272C 


Consult the Barber-Colman engineering sales office 
nearest you: Baltimore, Boston, Dayton, Fort Worth, 
Los Angeles, Montreal, New York, Rockford, San Diego , 
Seattle, Winter Park, Florida. 


BARBER-COLMAN COMPANY 


DEPT. L, 14139 ROCK STREET, ROCKFORD, ILLINOIS 
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INTERNATIONAL AEROSPACE ABSTRACTS 


| First issue 
January 1961 | 


ment 
plane 
A monthly service providing fast, comprehensive coverage flow 
tions 
of the world’s aerospace literature help 
yses 
F imm 
ach monthly issue of International Aerospace venient subject arrangement will permit rapid location ular, 
Abstracts will bring you abstracts of hundreds of the of topics of interest, and an author index in each issue plane 
latest reports, periodical articles, meeting papers, and will give further access. This new monthly will com- rupo. 
books—selected on the basis of their importance to aero- bine, in improved format, the abstracts and book = 
space technology. Coverage will be world-wide. Con- sections formerly carried in Aerospace Engineering. = 
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ACOUSTICS, SOUND, NOISE 


AERODYNAMIC NOISE AND THE PLANE 
BOUNDARY. Alan Powell. ASA J., Aug., 1960, 
pp. 982-990. 15 refs. Navy-supported develop- 
ment of the reflection principle for the case of a 
plane boundary, not restricted to boundary layer 
flow but for any flow, and for investigating its implica- 
tions. An apparent paradox is resolved with the 
help of an extension of Lighthill's and Curle's anal- 
yses to include boundaries which are not wholly 
immersed in the noise-generating flow. In partic- 
ular, it is shown that the pressures exerted on a 
plane boundary are simply reflections of the quad- 
rupole generators of the flowitself; thus, the pres- - 
sure dipoles account for an enhancement of the 
quadrupole power, in fact a quadrupling when the 
wavelength is relatively large, except that degen- 
eration into octupoles occurs for those lateral 
quadrupoles of the type that would be associated 
with fluctuations across the shear of an adjacent 
boundary layer. It should then be possible to esti- 
mate the noise of a plane turbulent boundary layer 
with satisfactory accuracy from sufficient knowl- 


edge of the principal quadrupole source strength 
alone. 


AN INVESTIGATION OF LIFTING EFFECTS 
ON THE INTENSITY OF SONIC BOOMS. John Mor- 
ris. RAeS J., Oct., 1960, pp. 610-616. Study that 
combines the method of Hayes with the theory of 
Whitham to predict the asymptotic shock strength 
of wings carrying lift and of combination of bodies 
and lifting wings. The test data obtained to date 
extend only up to about 40, 000 ft. altitude and 
present calculations show that under these condi- 
tions the shock noise of the aircraft tested so far 
will, in most cases, be dominated by the volume 
term. It is shown that at higher altitudes the lifting 
effects will dominate for eventhe small fighter and 
they will dominate over most of the altitude range 
for large bomber and supersonic transport aircraft 
Asimple rule for calculating the shock noise due 
to combined volume and lifting effects is proposed 
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which is applicable to configurations with wings lo 
cated toward the rear of the fuselage. A chart is 
presented from which rapid estimates can be made 
of the shock noise of lifting wing-body combinations, 


VIBRATION AND NEAR-FIELD SOUND OF 
THIN-WALLED CYLINDERS CAUSED BY INTER- 
NAL TURBULENT FLOW. Appendix - NATURAL 
FREQUENCIES OF VIBRATION OF THIN-WALLED 
CYLINDERS UNDER INTERNAL PRESSURE, P. 

F. R. Weyers. US, NASA TN D-430, June, 1960. 
58 pp. 25 refs. OTS, $1.50. Investigation of the 
spectrum and intensity of the pressure field meas- 
ured outside thin-walled Mylar cylinders containing 
turbulent pipe flow. The resulting spectra are 
interpreted in relation to the elastic properties of 
the cylinders and the character of the turbulent 
fluctuations inside the flow. The eigenfrequencies 
of the cylinders are identified and similarity pa- 
rameters for the spectra established. The effect 
of cylinder wall thickness on the spectrum and in- 
tensity of the pressure fluctuations is investigated. 


AERODYNAMICS, FLUID MECHANICS 


Aerothermochemistry, Dissociation, Ablation 


DISSOCIATION EFFECTS UPON COMPRESSI- 
BLE TURBULENT BOUNDARY LAYER SKIN FRIC- 
TION AND HEAT TRANSFER. W. H. Dorrance. 
(ARS Semi-Annual Meeting, Los Angeles, May 10, 
1960.) Convair Sci. Res. Lab. RR 6, Apr., 1960. 
39 pp. 23 refs. Derivation of the equations for 
skin friction and heat transfer associated with a 
dissociating, compressible, turbulent boundary 
layer from the approximate boundary-layer equa- 
tions making a minimum number of assumptions. 
A sublayer-turbulent-layer model is assumed in 
order to obtain the heat transfer coefficient to skin 
friction coefficient ratio for Lewis number not e- 
qual to one. The considerations under which dis- 
sociation equilibrium concentrations apply, or the 
diffusion controlled concentrations, are examined 
and it is shown that the use of diffusion controlled 
concentrations is quite appropriate for calculating 
skin friction coefficient for most cases of interest. 
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The diffusion controlled concentration profile is 
then used in combination with the energy and state 
equations and the Karman momentum integral to 
obtain skin friction coefficients for a flat plate. 
These coefficients and the heat transfer rates in 
dissociation are in excellent agreement with the 
experimental measurements. 


HEAT DIFFUSION IN GASES, INCLUDING EF- 
FECTS OF CHEMICAL REACTION. C. F. Hansen. 
(ARS Semi-Annual Meeting, San Diego, June 8-ll, 
1959.) ARS J., Oct., 1960, pp. 942-946. 12 refs. 
Analysis considering the diffusion of heat through 
gas where the coefficients of thermal conductivity 
and diffusivity are functions of temperature. The 
diffusivity is taken as proportional to the integral 
of thermal conductivity, where the gas is ideal, 
and is considered constant over the temperature 
interval in which a chemical reaction occurs, The 
heat diffusion equation is then solved numerically 
for a semi-infinite gas medium with constant initial 
and boundary conditions. These solutions are in 
a dimensionless form applicable to gases in gener- 
al, and they are used, along with measured shock 
velocity and heat flux through a shock reflecting 
surface, to evaluate the integral of thermal conduc- 
tivity for air up to 5,000°K, This integral has the 
properties of a heat flux potential and replaces 
temperature as the dependent variable for prob- 
lems of heat diffusion in media with variable coef- 
ficients. Examples are given in which heat flux at 
the stagnation region of blunt hypersonic bodies is 
expressed in terms of this potential. 


THE STRUCTURE OF A CENTRED RAREFAC- 
TION WAVE IN AN IDEAL DISSOCIATING GAS, 
J. P. Appleton. U. Southampton Dept. Aeron. & 
Astron. Rep. 136, Apr., 1960. 54 pp. 13 refs. 
USAF -sponsored analysis of the effect of finite rates 
of molecular dissociation and atomic recombina- 
tion on the structure of a centered rarefaction wave 
in an ideal dissociating gas. By using the method 
of characteristics, the equations describing the 
flow are solved numerically for one particular set 
of initial conditions, From the results of the theo- 
retical analysis and the numerical computations, 
the possibility of carrying out experimental work 
on this flow configuration is discussed. 


RADIATION AND ABLATION COOLING FOR 
MANNED REENTRY VEHICLES. Leonard Roberts. 
2nd ICAS Congr., Zurich, Sept. 12-16, 1960, Pre- 
print. 24 pp. 23 refs. Analysis considering the 

“problem of thermal protection of vehicles which 
re-enter the atmosphere from supercircular speeds 
(e.g., a vehicle returning from a lunar flight). 
Supercircular entry into the earth's atmosphere 
can be made only through a narrow re-entry corri- 
dor and the high total heat input experienced along 
the overshoot boundary demands aversatile form of 
thermal protection. For manned re-entry from 
supercircular speeds it appears, therefore, thatthe 
radiating ablation materials are more appropriate 
than the low-temperature materials. In particular, 
the simplicity of the self-insulating composite 
shield and its ability to protect against radiative 
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as well as convective heating make it an attractive 
solution to the problem of thermal protection. 


COMBUSTION IN THE BOUNDARY LAYER ON 
A POROUS SURFACE, A. Q. Eschenroeder. J, 
Aerospace Sci., Dec., 1960, pp. 901-906. l4refs, 
Determination of the position of the diffusion flame 
in a boundary layer with uniform mixture injection 
from a porous wall parallel to a uniform air stream 
under the conditions of laminar, steady flow with 
zero streamwise pressure gradient. Under the 
assumption of fast forward reaction rate, solutions 
for the boundary layer forms of the conservation 
laws of aerothermochemistry are obtained leading 
to a formula for the downstream velocity at the 
flame in terms of composition and flow variables, 
The rates of change of conditions at the wall in the 
streamwise direction are assumed to be relatively 
small. Methods of treating complex reaction sys- 
tems are described, and a generalized form of the 
Reynolds analogy is developed. 


Aerothermodynamics 


EXPERIMENTAL DETERMINATION OF THE 
TURBULENT HEAT TRANSFER RATE DISTRIBU- 
TION ALONG A FLARE AND THE EFFECT OF 
FINS ON DOWNSTREAM HEAT TRANSFER RATE 
DISTRIBUTION. E. Offenhartz and H. Weisblatt. 
Avco Res. & Adv. Devel. Div. RAD TM-60-10, 
Mar. 4, 1960. 27 pp. 10 refs. USAF-sponsored 
investigation of the heat-transfer-rate distribution 
along the flaré of a slender blunt-nosed body at 
zero and non-zero angle of attack. In addition, the 
downstream effect of a control surface on heat- 
transfer-rate distributions has been determined. 
At zero angle of attack, it was found that for the 
flare, the Van Driest andmomentum turbulent-flow 
theories predict the trend of the experimental data 
At angle of attack, the heat-transfer measurements 
were correlated in terms of measured heat trans- 
fer rates at angle of attack to zero values. A sinm- 
ple engineering approach permits the calculation of 
this ratio which closely predicts the experimental 
data trend. The control surface (which consisted 
of four fixed-geometry yawed fins spaced 90° apart 
circumferentially on the cylinder of the body) 
caused an increase in downstream cylinder and 
flare heat transfer rates. It was found that as the 
fin yaw angle increased, the downstream heat 
transfer rates increased. Furthermore, the dis- 
tance required for the heat transfer rate to decay 
to the value of the model without a fin increased. 


RADIATION SHIELDING OF THE STAGNATION 
REGION BY TRANSPIRATION OF AN OPAQUE 
GAS. J. T. Howe. US, NASA TN D-329, Sept., 
1960. 24 pp. 13 refs. CTS, $0.75. Analysis of 
the laminar compressible boundary layer in the 
two-dimensional and axisymmetric stagnation re- 
gions to show the effects of the injection of a radia 
tion absorbing foreign gas on an incident radiation 
field, and on the enthalpy profiles across the bouné 
ary layer. Total heat transfer to the stagnation 
region is evaluated for numerous cases and the re 
sults are compared with the no shielding case. Re 
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quired absorption properties of the foreign gas are 
determined and compared with properties of known 
gases. 


Boundary Layer 


ON A NEW APPROACH FOR THE SOLUTION 
OF NON-SIMILAR BOUNDARY LAYER PROBLEMS, 
L, G. Napolitano and Antonio Ferri. Polytech. 
Inst. Bklyn., Dept. Aero. Eng. & Appl. Mech., 
PIBAL Rep. 507 (AFOSR TN 59-356), Mar., 1960. 
32 pp. Presentation of a method of analysis for 
some non-similar dissipative flow fields. The 
method consists of dividing the flow field into two 
parts, one called the inner part and the other called 
the outer part, having a profile joined by continuous 
matching along the line of the flow field. The inner 
and outer profiles have a single-parameter profile 
derived froma solution of the total differential equa- 
tion with boundary conditions not completely im- 
posed. The matching procedure is derived and a 
practical case of application is presented. 


BEITRAGE ZUR THEORIE DER DREIDIMEN- 
SIONALEN GRENZSCHICHTEN,. J. A. Zaat. 2nd 
ICAS Congr., Zurich, Sept. 12-16, 1960, Preprint. 
14 pp. 13 refs. In German. Presentation of a 
simple method for the calculation of stationary, 
three-dimensional, compressible boundary layers 
with weak cross flows. This method represents 
an extension of Gruschwitz' method of momentum 
equations and of Wieghardt's integral condition for 
the energy. Laminar compressible boundary layers 
are calculated by means of the momentum equation 
for the main flow and the momentum equation for 
the cross flow, which can be reduced to a quadra- 
ture formula and an ordinary linear differential e- 
quation. Considered mainly are flows along the 
heat-insulated wall which have the Prandtl number 
of one. Considerations pertaining to the solution 
of three-dimensional, compressible, turbulent 
boundary layers are included. 


PRELIMINARY STUDIES ON BOUNDARY-LAY- 
ER TRANSITION CAUSED BY A THIN TRANS- 
VERSE WIRE FLOATING FROM SURFACE, F. R. 
Hama. U. Md. Inst. Fluid Dynamics & Appl. Math. 
TN BN-208 (AFOSR TN 60-505), Apr., 1960. 26 
pp. Investigation showing that a thin wire, which 
is incapable of tripping the flow when it is attached 
to the surface, can cause transition if it is raised 
from the surface. A rough criterion of provoking 
transition at the wire is about 200-300 for the 
Reynolds number based upon the velocity at the top 
of the wire and the distance of the top of the wire 
from the surface. The Reynolds number based upon 
the velocity at the top and the wire diameter canbe 
as small as 75 to trip the flow at the wire. The 
mechanics of the arrangement show that the flow under- 
neath the wire tends to separate from the surface 
immediately behind the wire and to break up three- 
dimensionally, resulting in the formation of longitu- 
dinal vortices. Transition is provoked by the cou- 
pling between the longitudinal vortices and the two- 
dimensional vortices formed behind the wire. 
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INVESTIGATION OF EFFECTS OF ROUGHNESS, 
SURFACE COOLING, AND SHOCK IMPINGEMENT 
ON BOUNDARY-LAYER TRANSITION ON A TWO- 
DIMENSIONAL WING. K. R. Czarnecki and J. P. 
Sevier, Jr. US, NASA TN D-417, June, 1960. 41 
pp. OTS, $1.25. Presentation of test results for 
a wing having a sharp leading edge with a flat sur- 
face on one side and a constant favorable-pressure- 
gradient surface on the other. Tests were made 

at Mach numbers of 1.61 and 2.01, over a Reynolds 
number per ft. range from about 0.5 x 106 to ap- 
proximately 9.5.x 10°, A comparison is made of 
the lateral spread of turbulence as determined by 

a total-pressure probe technique and as determined 
previously by a hot-wire technique. Transition at 
zero heat transfer was apparently strongly influ- 
enced by surface conditions. Heating or cooling 
the model surface had little effect on transition 
when small and nearly undetectable surface rough- 
ness existed, but with surface roughness eliminat- 
ed, surface cooling was quite effective in increas- 
ing transition Reynolds number. 


EFFECTS OF UNIT REYNOLDS NUMBER, 
NOSE BLUNTNESS, AND ROUGHNESS ON BOUND- 
ARY LAYER TRANSITION. J. L. Potter and J. 

D. Whitfield. USAF AEDC TR 60-5, Mar., 1960. 
84 pp. 37 refs. Study of conditions encountered 
in the high Mach number flow regime which affect 
the longitudinal extent of the boundary layer from 
beginning to end of transition, the distribution of 
fluctuation energy in the laminar layer, and the ef- 
fectiveness of surface roughness in promoting 
transition. A critical layer of intense local energy 
fluctuations was found at all Mach numbers studied, 
Hot-wire surveys of the laminar, transitional, and 
turbulent boundary layers are presented to illus- 
trate the critical layer in laminar flow and the sub- 
sequent development into the transition process. 
The relation between boundary layer transition on 
flat plates and cones in supersonic flow is explored, 
and a process for correcting data to account for 
leading edge bluntness is devised. Study of the ef- 
fect of finite leading edges yields significant illus- 
trations of the influence of unit Reynolds number 
on boundary layer transition. A correlation is a- 
chieved for the effects of two- and three-dimension- 
al surface roughness in both subsonic and super- 
sonic streams. 


OPTICAL STUDY OF BOUNDARY-LAYER 
TRANSITION PROCESSES IN A SUPERSONIC AIR 
STREAM. W. G. Spangenberg and W. R. Rowland, 
Phys. Fluids, Sept.-Oct., 1960, pp. 667-684. 16 
refs. Investigation of the history of the transition 
from laminar to turbulent flow on a cylindrical 
model in a Mach number 1.96 air stream. Both 
smooth and rough models were tested at several 
Reynolds numbers per unit length. The results show 
that transition in a supersonic stream starts with 
high-frequency disturbances in the laminar bound- 
ary layer which degenerate into areas of turbulent 
flow. These spots erupt independently near the 
trailing face of the turbulent-flow region which is 
always moving downstream. The addition of the 
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newly turbulent areas of finite size to the trailing 
face of the turbulent-flow region causes it to jump 
upstream discontinuously. Spots are traveling at 

a very low velocity when they first become visible 
and accelerate to continue downstream at a velocity 
of about 0. 7 times the free-stream speed at their trail- 
ing face. The origin of the fresh areas of break- 
down to turbulence is apparently in amplified Toll- 
mien-Schlichting waves. The frequency of spot 
production lies within the region where stability 
theory predicts that disturbances within the bound- 
ary layer will be amplified. It is concluded that 
transition mechanisms in supersonic flow are simi- 
lar to those in a subsonic air stream. 


SOME EXPERIMENTAL RESULTS OF GENER- 
ATING HIGH-FREQUENCY OSCILLATING SHOCK 
WAVES AND OSCILLATING SHOCK-WAVE BOUND- 
ARY-LAYER INTERACTION AT SUPERSONIC 
SPEEDS. Wladyslaw Fiszdon. 2nd ICAS Congr., 
Zurich, Sept. 12-16, 1960, Preprint. 15 pp. Ap- 
plication of a two-dimensional oscillating shock- 
wave generator to investigate the existence of an 
eigenvalue of the shock-wave boundary-layer sys- 
tem, as predicted theoretically by Trilling. The 
experiments have confirmed the theoretically pre- 
dicted existence of a characteristic frequency in 
the boundary-layer system. The experimental 
value is within 10% of the theoretical one in the 
range of Reynolds numbers investigated and a Mach 
number of 2. The experiments confirmed that the 
nonstationary and stationary flows can be treated 
as nearly independent, substantiating the linear- 
izing theoretical assumptions. 


Flow of Fluids 


SUPERSONIC FLOW AT THE SURFACE OF A 
CIRCULAR CONE AT ANGLE OF ATTACK, J. E. 
Willett. J. Aerospace Sci., Dec., 1960, pp. 907- 
912, 920. 14 refs. Derivation of formulas for the 
inviscid flow properties on the surface of a cone 
for use in conjunction with MIT cone tables. These 
formulas are based upon an entropy distribution 
on the cone surface that is uniform and equal to 
that of the shocked fluid in the windward meridian 
plane. They predict values for the flow variables 
which may differ significantly from the correspond- 
ing values obtained directly from the cone tables. 
The differences in the magnitudes of the flow vari- 
ables computed by the two methods tend to increase 
with increasing free-stream Mach number, cone 
angie, and angle of attack. 


FLOW PAST A CIRCULAR CYLINDER WITH 
A DETACHED SHOCK WAVE. O. M. Belotser- 
kovskii. (Vychislitel'naia Matemat., No. 3, 1958, 
pp. 149-185.) Avco Res. & Adv. Devel. Div. RAD- 
9-TM-59-66 (AF BMD, Proj. WS 107A-2), Sept. 30, 
1959. 4l pp. 18 refs. Translation. Application 
of the general method of Dorodnitsyn for integrat- 
ing first-order partial differential equations of the 
mixed type to calculate the flow of a uniform super- 
sonic or hypersonic stream past a circular cylin- 
der. Using polar coordinates, the equations of 
motion are reduced to an approximating system of 
ordinary differential equations in the angular coor- 
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dinate by prescribing the variation of key dependent 
variables with radial distance. Flow of a perfect 
gas past a circular cylinder is calculated for free 
stream Mach numbers of 2.13, 2.5, and 4.0 using 
the first and second approximations, and for the 
free-stream Mach numbers of 3.0 and 5.0 using 
the first, second, and third approximations. 


INVESTIGATION OF THE FLOW OVER SIMPLE 
BODIES AT MACH NUMBERS OF THE ORDER OF 
20. Arthur Henderson, Jr. US, NASA TN D-449, 
Aug., 1960. 17 pp. M4 refs. OTS, $0.50. Study 
showing that adequate means are available for cal- 
culating inviscid direct and induced pressures on 
simple axisymmetric bodies at zero angle of attack 
The extent to which viscous effects can alter these 
predictions is indicated. It is also shown that in- 
viscid induced pressures can significantly affect 
the stability of blunt, two-dimensional flat wings 
at low angles of attack. However, at high angles 
of attack, the inviscid induced pressure effects are 
negligible. 


ON THE TRANSONIC FLOW AROUND WING 
PROFILES AND REVOLUTION BODIES AT ZERO 
ANGLE OF ATTACK. Carlo Ferrari, 2nd ICAS 
Congr., Zurich, Sept. 12-16, 1960, Preprint. 43 
pp. 2lrefs. Analysis considering the influence 
of unsteadiness on the transonic flow of a uniform 
and subsonic stream past an obstacle which, ata 
given instant, starts moving with auniformly accel 
erated translational motion relative tothe undisturb 
ed flow. The flow around a simple wedge profile 
is first examined, and an approximate solution is 
obtained. Then an arbitrary profile is considered, 
which assumes the shock wave to originate any- 
where along the contour of the profile, The influ- 
ence of unsteadiness on the shape of the wave and 
its propagation velocity is determined. Finally, 
the method of Spreiter and Alskne is extended to 
the study of nonstationary transonic motions around 
wing profiles and a body of revolution. 


CHISLENNYE METODY V GAZOVOI DINAMIKE 
A. A. Dorodnitsyn. Arch. Mech. Stosowanej, No. 
1, 1960, pp. 13-27. In Russian. Study stressing 
the need for further development of numerical 
methods in gas dynamics, with particular emphasis 
on methods for solving three-dimensional problems 
(three-dimensional steady flows and two-dimensior 
al nonsteady flows). Three methods are presented: 
the method of finite differences, the method of in- 
tegral relations, and the method of characteristics. 
The difficulties encountered in solving the equations 
of gas dynamics due to strong discontinuities are 
analyzed, and various illustrative examples of the 
application of the three methods are given. 


A NON-LINEAR BOUNDARY VALUE PROBLEM 
IN HYPERSONIC GAS DYNAMICS. D. Naylor. 
J. Math. & Mech., Sept., 1960, pp. 665-680, Pres 
entation of a boundary value problem for the non- 
linear equation of hypersonic flow associated with 
the determination of the position of the curved part 
of an attached shock wave in plane flow that reduces 
to the solution of an integral equation of the Vol- 
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terra type. The equation of hypersonic flow is that 
developed on the basis of small disturbance theory 
due to Van Dyke, Goldworthy, and others. In addi- 
tion, in order to obtain a reasonable boundary val- 
ue problem, the shock conditions are simplified by 
following Van Dyke and taking the value of unity 

for the adiabatic exponent Y. Even this assump- 
tion does not render the resulting boundary value 
problem capable of direct solution by the Riemann- 
Green integration technique. Instead, a suitable 
limiting process must be applied to obtain the de- 
sired integral equation, from which may be deter- 
mined the shape of the shock. The linearized 
transformed boundary value problem is broadly 
similar to that occurring in oscillatory supersonic 
wing theory, and the method now employed follows 
that developed by Temple to obtain the solution of 
the oscillating wing problem. 


ON MAGNETOHYDRODYNAMIC SHOCK WAVES, 
R. P, Kanwal. J. Math. & Mech., Sept., 1960, 
pp. 681-695. 15 refs. Derivation of shock conditions 
for magnetohydrodynamic flows by extending Thom 
as's analysis which used the transport equation to 
cover the present general case. The results are 
rearranged in such a way that every flow and field 
quantity downstream from the shock wave is ex- 
pressible separately in terms of the known values 
of these quantities upstream from the shock wave. 
In this rearranged form of the equations, various 
effects of the shock wave can be easily determined, 
The differential effects of the shock conditions are 
discussed along the same lines as in conventional 
gas dynamics. Due to the algebraic complexity, 
the complete discussion is limited to the unsteady 
plane flows. It is assumed that the magnetic field 
lies in the direction normal to the plane of the flow. 
The equations governing the flow and field, as well 
as the shock conditions, then take a relatively sim- 
pler form. This enables the jumps in vorticity, 
the gradients of all the flow and field quantities, 
and the jump in current density to be obtained. 


INTERACTIONS OF RAPIDLY MOVING BODIES 
IN TERRESTRIAL ATMOSPHERE. K. P. Chopra. 
USCEC Rep. 56-212 (AFOSR TN 60-398), Mar. 31, 
1960. 147 pp. 103 refs. Study of the phenomena 
concerning the interactions of rapidly moving bodies 
in an ionized medium pervaded by a magnetic field, 
emphasizing artificial earth satellites. The various 
phenomena are divided into four classes. The first 
category concerns the interaction of the body with 
neutral particles, or aerodynamics; recent theo- 
retical work in this area is reviewed. The second 
deals with the generation of electrical currents 
induced in the moving body or the surrounding me- 
dium (or both) by the relative motion of the con- 
ducting materials and the magnetic field. The third 
type of phenomena is due to the body's acquiring 
an electric charge due to the accretion of charged 
particles and the photoelectric effect of the solar 
radiation, and the consequent Coulomb interactions 
between the charged body and the charged particles. 
Finally, various wave phenomena encountered are 
examined. Three kinds of waves are described: 
plasma oscillations in the wake of the body (Kraus- 
Watson), extraordinary electromagnetic waves 
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(Chopra-Singer), and magnetohydrodynamic waves 
due to the interaction between the induced motion 
of an ionized column ahead of the body and the 


transverse component of the terrestria] magnetic 
field. 


HYPERSONIC VISCOUS FLOW NEAR THE 
STAGNATION POINT IN THE PRESENCE OF MAG- 
NETIC FIELD. Ching-Sheng Wu. J. Aerospace 
Sci., Dec., 1960, pp. 882-893, 950. 10 refs. 
USAF -sponsored presentation of local similarity 
solutions for flow-field and temperature distribu- 
tion near the stagnation point region. The discus- 
sion is grouped into two parts: the two-dimension- 
al problem (circular cylinder) and the axisymmet- 
ric problem (sphere), Numerical computations 
are carried out for the sphere problem in the "'vis- 
cous-layer regime" with various magnetic field 
strengths and electrical conductivities. 


THE DECAY OF MAGNETOHYDRODYNAMIC 
TURBULENCE. P. H. Roberts and T. Tatsumi. 
J. Math. & Mech., Sept., 1960, pp. 697-713. 21 
refs. Analysis of several aspects of magnetohydro- 
dynamic turbulence in the simple case of a homo- 
geneous incompressible fluid in which the turbu- 
lence is assumed to be both homogeneous and iso- 
tropic. Using the hypothesis of zero fourth order 
cumulants, the equations governing the kinetic and 
magnetic energy spectrum functions in isotropic 
hydromagnetic turbulence are derived from the 
Navier-Stokes equation and the equation of motion- 
al induction. The role of the correlation between 
kinetic and magnetic fields is discussed in detail. 
The decay of a state in which the energy is initially 
divided among eddies of a particular size is studied, 
and the asymptotic ratio of magnetic to kinetic en- 
ergy is calculated for small Reynolds numbers. 


FINAL REPORT ON RESEARCH IN A COMPRE- 
HENSIVE THEORY OF PLASMA STATES AND 
PHENOMENA. IV. MIT NSL TR 441 (USAF WADD 
TR 59-486, Pt. IV), Mar., 1960. 67 pp. 29 refs. 
Summarized survey of plasma research covering 
the thermodynamic state equation of a plasma; the 
influence of the magnetic field on the transport 
properties as well as the thermodynamic state; 
and discussion of magnetohydrodynamic pipe flow 
and boundary-layer problems. 


ON THE STRUCTURE OF PLANE DETONA- 
TION WAVES. T. C. Adamson, Jr. Phys. Fluids, 
Sept. -Oct., 1960, pp. 706-714. 14 refs. Navy- 
sponsored analysis of a steady planar detonation 
wave, considered to be a shock wave followed by a 
reaction zone, studied with both irreversible and 
reversible first-order reaction kinetics. A per- 
turbation solution with first-order transport effects, 
valid in the reaction zone for those cases where 
the ratio of the characteristic collision time to the 
characteristic chemical time is small compared 
to one, is presented with sample calculations of 
temperature and concentration distributions for 
typical irreversible and reversible reaction cases. 
Analysis of the solution shows that simple series 
solutions, and hence the given perturbations solu- 
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tions, do not hold near the hot boundary for all 
possible final Mach numbers. 


DENSITY COMPRESSION RATIO ACROSS RELA- 
TIVISTIC-STRONG-SHOCK WAVES. A. W. Guess. 
Phys. Fluids, Sept.-Oct., 1960, pp. 697-705. 13 
refs. Extension of the relativistic Rankine-Hugo- 
niot shock wave conditions of Taub to include radi- 
ation pressure and energy density. Specialization 
to the situation of a nonrelativistic ambient gas 
gives strong shocks, and solutions are obtained 
separately for the cases of a pure material gas and 
a pure radiation gas behind the shock. An expres- 
sion is also obtained for the velocity of relativistic 
sound wave propagation in a mixture of a thermally 
perfect material gas and a radiation gas. 


ON THE BOLTZMANN EQUATION AND THE 
STRUCTURE OF SHOCK WAVES. W. A. Gustafson, 
Phys. Fluids, Sept.-Cct., 1960, pp. 732-734. 
Study to correlate the methods of Mott-Smith and 
Rosen for the shock structure problem. It is found 
that the application of Rosen's restricted variation- 
al technique to the Boltzmann equation yields the 
transport equation used by Mott-Smith and, in ad- 
dition, determines a transport function. The ex- 
pression for the average translational temperature 
profile, as derived by Mott-Smith, is examined 
for the existence of relative minima or maxima. 
For a monatomic gas the temperature profiles have 
no relative extrema inside the shock wave for any 
Mach number. For diatomic gas the temperature 
profiles are smooth for Mach numbers below 1. 89, 
but above that a hump appears. 


TABLES RELATED TO AXIAL SYMMETRIC 
TRANSONIC FLOW PATTERNS. Gertrude Blanch, 
K. G. Guderley, and E. M. Valentine. USAF 
WADC TR 59-710, Apr., 1960. 108 pp. Presenta- 
tion of tabulated functions that occur inthe theory of 
axial symmetric flow patterns and Mach numbers 
equal to and close to one. The theory leading to 
these functions has been developed previously, but 
a summarizing discussion is given of the theory 
and the method of computation. 


ON THE NON-EXISTENCE OF TRANSONIC 
PERTURBATIONS. J. D. Neethling. Quart. Appl. 
Math., Oct., 1960, pp. 229-233, Analysis con- 
cerning Schafer's method for the direct construc- 
tion of plane transonic potential flows by introduc- 
ing a mesh of derived characteristics so defined 
that the mesh is real in both the supersonic and 
subsonic regions and joins continuously on the sonic 
line. Schafer uses the simple solution of the equa- 
tions for the derived characteristics to obtain a 
one parameter family of solutions (the well-known 
Chaplygin solutions) of the gas dynamic equations 
which, by suitable choice of the parameter, canbe 
made to describe flows past profiles of practical 
interest. Since the equations are linear in the de- 
rived characteristic variables which, in the case 
of the simple solution, coincide with the polar hod 
ograph variables, it is possible to find new solu- 
tions by superimposing solutions with different val- 
ues of the parameter. The Chaplygin solutions are 
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made to represent basic flows of practical interest 
by a suitable choice of k (the adiabatic gas constant), 
Perturbations are then applied to these basic flows, 
It is shown that if the superposition is truncated, 
the perturbations must have an analytic character 
since each term in the summation is an analytic 
function of its variables. This means that singu- 
larities of curvature are impossible and the per- 
turbations cannot be restricted to a finite segment 
of the supersonic boundary. It is shown that the 
coefficients in the infinite series cannot be socho- 
sen that a singularity is introduced into the bound- 
ary. 


ELEMENTARY MECHANICS OF TURBULENT 
FLUID MOTION. M. M. Munk. Catholic U. Am, 
Dept. Mech. & Aero, Eng. Rep. (AFOSR TR 60-6) 
Mar., 1960. 146 pp. 13 refs. (Also in IAS SMP 
Paper FF-28, Aug., 1960.) Presentation of a 
simple practical theory of turbulence mechanics, 
The basic quantities and primary effects in elemen 
tary turbulence mechanics - including velocity and 
its variance, lump measure and its standard devia 
tion, dissipation, mixing, and augmentation - are 
discussed, and the corresponding expressions are 
presented. Conditions for a turbulent flow to be 
steady and free of convection, convection effects, 
diffusive and migration lump measure increases, 
and the supremacy of viscosity are studied; rela- 
tions describing these phenomena are given. It is 
found that in all turbulence, the viscosity effects 
are relatively weak and slow, but that they are 
nevertheless leading and decisive for the mean ve- 
locity distribution. The dynamic or inertia effects 
are strong and fast but nevertheless under the con- 
trol of the viscosity forces. The derived basic 
quantities and relations are then applied to a num- 
ber of different flow types under some simplifying 
assumptions. The analysis covers the following: 
turbulent flow through a smooth circular pipe, tur- 
bulent boundary layer of a plate, homogeneous turbu- 
lence, sublayer and shear reversal, and the turbu 
lent circular jet. A systematic analysis of the 
numerical magnitude of the multipliers or constants 
occurring in the general turbulence relations fol- 
lows. Typical experimental results of previous 
investigations are included to provide some experi 
mental checks on the results of the presented the- 
ory and are found to confirm the order of magni- 
tude of all multipliers derived in the analysis. 


SIMPLE WAVES IN PLANE, NON-STEADY, 
COMPRESSIBLE, INVISCID AND NON-HEAT -COM 
DUCTING FLOW. Marek Burnat. Arch. Mech. 
Stosowanej, No. 1, 1960, pp. 55-69. Study of sinr 
ple waves in Cartesian coordinates containing gen- 
eral considerations of the equation of simple waves 
and the application of these considerations to vari- 
ous specific flows. Includes derivation of neces- 
sary and sufficient conditions to be satisfied by 2 
body in order for the simple waves about it to be 
fundamentally dependent upon the t, x, and y vari- 
ables. The cases of arbitrary time-variable pro- 
files, constant wedges, and arbitrary constant pro 
files are considered. 
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Jet Flaps & Wings 


THE AERODYNAMICS OF JET FLAPS. John 
Williams, S. F. J. Butler, and M. N. Wood, 2nd 
ICAS Congr., Zurich, Sept. 12-16, 1960, Preprint. 
39 pp. Review of the progress made on jet-flap 
aerodynamics during the last five years. It is 
shown that useful estimates can now be made of lift, 
pitching moment, downwash, thrust, and lateral 
stability derivatives for wings of moderate aspect 
ratio, sweep, and full-span jet deflection. These 
estimates, however, are based on essentially sim- 
ple thin-airfoil and lifting-line treatments assum- 
ing inviscid flow. The influence of viscosity, to- 
gether with the marked divergence of the jet sheet 
from the wing plane, cannot generally be ignored. 
Thus, semiempirical approaches have still to be 
used, particularly as regards the estimation of 
thrust and downwash with large jet deflections and 
the effects of part-span blowing or spanwise varia- 
tion of the jet angle. In addition, available simple 
theories on the effects of sideslip and proximity to 
the ground give only qualitative results over a lim- 
ited range of parameters. 


Stability & Control 


INVESTIGATION OF THE LOW-SUBSONIC 
FLIGHT CHARACTERISTICS OF A MODEL OF AN 
ALL-WING HYPERSONIC BOOST-GLIDE CON- 
FIGURATION HAVING VERY HIGH SWEEP. R. 
E, Shanks. US, NASA TN D-369, June, 1960. 21 
pp. OTS, $0.75. Presentation of the results of 
flight tests made over an angle of attack range 
from 15° to 30° with and without artificial roll 
damping added. Force tests were made at angles 
of attack from 0° to 32° to determine the static 
stability and control characteristics. The longitu- 
dinal stability and control characteristics were 
considered satisfactory when the model had positive 
static longitudinal stability. It was possible to fly 
the model with a small amount of static instability, 
but the longitudinal characteristics were consider- 
ed unsatisfactory in this condition. The lateral 
stability and control characteristic were consider- 
ed to be poor through the flight-test angle of attack 
range because of weak control response and because 
the model had a Dutch roll oscillation that was only 
slightly damped at an angle of attack of 15°, neu- 
trally stable at an angle of attack of 20°, and un- 
stable at angles of attack of 25° and above. Artifi- 
cial damping in roll greatly improved the lateral 
characteristics and resulted in flights being made 
at angles of attack of up to 30°, 


ee FREE-FLIGHT MEASUREMENTS OF THE 
TRANSONIC ROLL-DAMPING CHARACTERISTICS 
OF THREE RELATED WINGS OF ASPECT RATIO 
2.83, Appendix - THE ESTIMATION OF AERO- 
ELASTIC EFFECTS, K. J. Turner andG. K. 
Hunt. Gt. Brit., RAE TN Aero. 2683, Apr., 1960. 
17 pp. Presentation of measurements of the roll- 
damping derivative, @€ ., of three wing planforms 
made by the free-flight roll-balance technique over 
the Mach number range of 0.7 to 1.4. The wings 
were all of RAE 102 section, 7.5% thickness-chord 
tatio, and aspect ratio 2.83, but varied in sweep 
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and taper ratio. 
showed little loss of damping in the transonic re- 
gion, but the 50° delta wing suffered a 50% loss of 
damping at M= 0.96. The results are compared 
with simple theoretical estimates and the effects 
of aeroelasticity are computed. 


The two wings of taper ratio 0,33 


Wings & Airfoils 


REDUCTION OF MINIMUM-DRAG PROBLEMS 
IN SUPERSONIC FLOW TO TWO-DIMENSIONAL 
POTENTIAL PROBLEMS BY MEANS OF THE 
COMBINED FLOW FIELD. M. E. Graham and 
P, A. Lagerstrom. Douglas Rep. SM-23901, Mar., 
1960. 101 pp. 17 refs. Analysis considering the 
minimum drag of thin planar or nonplanar configu- 
rations in inviscid sypersonic flow under the con- 
straints of (a) a specified total lift, (b) a specified 
total lift, total pitching moment, and lateral distri- 
bution of base area, (c) a specified total base area, 
and (d) a specified total volume and lateral distri- 
butions of base area. Use of Jones' combined flow 
field concept simplifies the drag equations andleads 
to the reformulation of three-dimensional drag 
minimization problems as two-dimensional poten- 
tial problems. Arbitrary (optimum and nonopti- 
mum) combined flow fields are examined. In addi- 
tion to such quantities as total lift or total volume 
of a configuration, it is shown how the combined 
flow field also yields more detailed information a- 
bout the configuration such as the lateral distribu- 
tions of pitching moment, base area, and volume, 
in addition to the total singularity strength inter- 
cepted by a Hayes Mach plane. Numerical exam- 
ples treated are the drag of a ring wing optimized 
under the constraint of a specified total lift and to- 
tal pitching moment with closure at the trailing 
edge, and the drag of a swept planar wing of speci- 
fied volume with closure at the trailing edge. 


PRESSURE AND BOUNDARY LAYER MEAS- 
UREMENTS ON A TAPERED SWEPT WING IN 
FLIGHT. D. Hyde. Coll. of Aeronautics, Cran- 
field, Rep. 128, Mar., 1960. 46 pp. 13 refs. 
Flight investigation of a full-scale tapered and 
swept half-wing mounted as a dorsal fin on the mid- 
fuselage of an Avro Lancaster aircraft. The wing 
had an aspect ratio of 2.87, the quarter chord 
sweep was 40°, and the symmetrical section was 
RAE 102 of 8% thickness/chord ratio. Comprehen 
sive static pressure measurements were recorded 
over a nominal incidence range of 0° to 10°, At 
mid-semispan and zero incidence, the measured 
chordwise pressure distribution compared well 
with theory. The nondimensional chordwise and 
spanwise loadings were in close agreement with 
Kuchemann's predictions, but the experimental lift 
curve slope was 6% greater than the theoretical value, 
From the boundary layer results, the positions of the 
transition fronts were deduced. No laminar flow 
was obtained on either surface at the highest Reyn- 
olds number of 1.86 x 106 perft., or at incidences 
of 6° and agreater at all test Reynolds numbers. 


AEROELASTICITY 


DYNAMIC BEHAVIOR OF CYLINDRICAL 
SHELLS UNDER INITIAL STRESS. G. Herrmann 
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and A. E. Armenakas. Columbia U. Dept. Civ. 


Eng. & Eng. Mech. Inst. Flight Struc. TN 5 
(AFOSR TN 60-425), Apr., 1960. 33 pp. Presen- 
tation of a systematic derivation of several linear 
theories of motion for elastic cylindrical shells 
subjected to a general state of initial stress. The 
most inclusive theory established takes into account 
transverse shear deformation and rotary inertia 
and, in the absence of initial stress, reduces toa 
Timoshenko-type theory of cylindrical shells ad- 
vanced by Mirsky and Herrmann. Moreover, a 
bending theory of shells is presented which, in the 
absence of initial stress, reduces to the Fligge 
theory of cylindrical shells. On the basis of the 
nonlinear theory of elasticity, using Lagrangian 
components of strain, nonlinear shell stress equa- 
tions of motion are established by specifying the 
dependence of the displacement components on the 
thickness coordinate, and integrating through the 
thickness of the shell. 


FLUTTER RESEARCH ON SKIN PANELS, Ap- 
pendix - FLUTTER ANALYSIS OF ORTHOTROPIC 
PLATES. E. E. Kordes, W. J. Tuovila, and 
L. D. Guy. US, NASA TN D-451, Sept., 1960. 18 
pp. OTS, $0.50. Presentation of experimental 
results for unstiffened rectangular panels and for 
rectangular panels stiffened by corrugated backing, 
Flutter boundaries are established for all types of 
panels when considered on the basis of equivalent 
isotropic plates. The effects of Mach number, dif- 
ferential pressure, and aerodynamic heating on 
panel flutter are discussed, 


EFFECT OF STRUCTURAL DAMPING ON PAN- 
EL FLUTTER. D. J. Johns and P. C. Parks. 
Aircraft Eng., Oct., 1960, pp. 304-308. 69 refs. 
Survey of literature on the panel flutter problem 
and development of an analysis that considers the 
effect of aerodynamic and hysteretic structural 
damping. A two-dimensional, simply supported 
panel is studied using linear piston theory for the 
aerodynamic forces. Main emphasis is on flat un- 
buckled panels, although a brief investigation of 
buckled panels is also presented. It is concluded 
that there is an interdependence of structural and 
aerodynamic damping which, in the range of Mach 
numbers for which piston theory is valid, shows 
the destabilizing effect of structural damping. This 
effect is apparently more pronounced at high alti- 
tudes. 


SUBSONIC KERNEL-FUNCTION FLUTTER A- 
NALYSIS OF A HIGHLY TAPERED TAIL SURFACE 
AND COMPARISON WITH EXPERIMENTAL RE- 
SULTS. G. D. Walberg. US, NASA TN D-379, 
Sept., 1960. 37 pp. OTS, $1.00. Presentation of 
a flutter analysis using the kernel function for 
three-dimensional, subsonic, compressible flow. 
It is applied to a flutter-tested tail surface which 
has an aspect ratio of 3.5, and a taper ratio of 
0.15, and a leading-edge sweep of 30°. Theoreti- 
cal and experimental results are compared at Mach 
numbers from 0.75 to 0.98. Good agreement be- 
tween theoretical and experimental flutter dynamic 
pressures and frequencies is achieved at Mach 
numbers to 0.92. At Mach numbers from 0,92 to 
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0.98, however, a second solution to the flutter de- 
terminant results in a spurious theoretical flutter 
boundary which is at a much lower dynamic pres- 
sure and at a much higher frequency than the ex- 
perimental boundary. 


PREDICTION OF LIFTING SURFACE FLUTTER 
AT SUPERSONIC SPEEDS. H. Ashley, W. J. 
Mykytow, and J. R. Martuccelli. 2nd ICAS Congr,, 
Zurich, Sept. 12-16, 1960, Preprint. 22 pp. 25 
refs. USAF-supported discussion of the effects of 
aerodynamic heating, and presentation of measur- 
ed flutter speeds and frequencies for a related se- 
ries of uniform, cantilevered rectangular wings at 
Mach numbers between 1.5 and 5.0. Following 
this, various attempts are made at rational theo- 
retical prediction of the experimentally determined 
eigenvalues. It is found that a two-degree-of-free- 
dom representation, based on free vibration modes 
of a uniform beam-rod, is suitable for establishing 
equations of motion, but that the aerodynamic de- 
rivatives must be properly chosen for each partic- 
ular speed range. 


DETERMINATION DES VITESSES CRITIQUES 
TRANSITOIRES D'UN ENGIN SUPERSONIQUE EN 
VOL ACCELERE, R. Mazet and E. Bonneau, 2nd 
ICAS Congr., Zurich, Sept. 12-16, 1960, Preprint. 
32 pp. In French. Discussion of an experimental 
technique and of methods of calculation developed 
at ONERA and description of experiments made on 
the second stage of a supersonic missile subjected 
to infrared radiation simulating the kinetic heating 
in accelerated flight. To obtain useful data for 
calculating critical transient velocities, an appro- 
priate dynamic excitation provided means for ob- 
serving the natural modes of the stage during the 
transient thermal regime. A calculation has given, 
in the absence of kinetic heating, (a) the natural 
modes of the complete missile which are responsi- 
ble for flutter in free flight, and (b) the modifica- 
tions of mass and elastic constants to be effected 
in the corresponding modes of the stage under con- 
sideration for reproducing the modes defined in 
(a). The critical flutter velocities at various mo- 
ments of accelerated flight are then determined, 
assuming that these modifications were not influ- 
enced by the kinetic heating; these are then com- 
pared with the estimated velocities of the missile 
at the same moments. 


EXPERIMENTAL STUDY OF THE VIBRATIONS 
OF A CIRCULAR CYLINDRICAL SHELL. W. G. 
Gottenberg. ASA J., Aug., 1960, pp. 1002-1006. 
Description of an apparatus which permits an easy 
determination of the mode shape of a vibrating cy- 
lindrical shell. These measurements are made 
without contacting the cylinder and can be convert- 
ed to actual lineal values. A representative num- 
ber of results obtained with such a system are 
shown to illustrate the relationship between the nod- 
al pattern and frequency in a cylinder, as well as 
the effect of internal pressure on these frequencies. 
Finally, comparisons are made between these re- 
sults and the Timoshenko theory and an appropriate 
shell theory. 
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VIBRATION ISOLATION OF A RIGID BODY ON 
RESILIENT SUPPORTS. Appendix - GENERAL 
TRANSFORMATION OF INTERTIAL PROPERTIES 
OF A RIGID BODY. G. J. Andrews. ASAJ., 
Aug., 1960, pp. 995-1001. 16 refs. Development 
of equations of motion for a rigid body supported 
by an arbitrary number of arbitrarily oriented and 
located resilient mounts with damping. Their solu- 
tion is given in a form suitable for electronic dig- 
ital computer programing and includes prediction 
of natural frequencies, static displacements and 
load distribution to the mounts due to static load- 
ing, and frequency response curves for a given 
isolation system. 


AIRPLANES 


Control Systems, Automatic Pilots 


A PITCH RATE DEMAND SYSTEM AND ITS 
EFFECT ON THE SHORT PERIOD LONGITUDI- 
NAL STABILITY OF AN AIRCRAFT (A PRELIMI- 
NARY THEORETICAL INVESTIGATION). Appen- 
dix I - DESCRIPTION OF LONGITUDINAL CON- 
TROL SYSTEM IN AVRO 707C. Appendix II - ES- 
TIMATION OF THEORETICAL TRANSFER FUNC- 
TIONS IN THE CONTROL SYSTEM. G. C. Howell 
Gt. Brit., RAE TN I.A.P. 1115, Apr., 1960. 34 
pp. Analysis of the stability of a rate demand con- 
trol system in the Avro 707C using electrical sig- 
naling of hydraulic servos. The characteristics 
of the instruments, servosystem, and aircraft 
longitudinal dynamics are taken into account. Var- 
ious improvements in the characteristics of the 
existing control system are suggested. The need 
is also stressed for simulation experiments using 
the actual control system in place of its theoreti- 
cally estimated characteristics. 


Design 


THE SUPERSONIC TRANSPORT - A TECHNI- 
CALSUMMARY. US, NASA TN D-423, June, 1960, 
94 pp. 25 refs. OTS, $2.25. Compilation of ten 
papers on various problems in supersonic design. 
Problems discussed include performance, noise, 
materials, structures, loads, flying qualities, land- 
ings, airway traffic control, and the use andeffects 
of variable-geometry wings. Among some of the 
significant conclusions is that, due to the projectile- 
like performance of the aircraft, it is questionable 
whether the pilot can assume manual control with 
the safety, economy, and schedule reliability re- 
quired of commercial transportation. The use of 
variable geometry appears to have an aerodynamic 
potential such that savings in fuel reserves alone 
may more than compensate for increased structur- 
al weight. Performance analyses indicate a strong 
need for a new engine, probably of the turbofan 
type, to be designed specifically for supersonic 
transport operation. 


Landing, Landing Loads 


SOME LANDING STUDIES PERTINENT TO 
GLIDER-REENTRY VEHICLES. J. C. Houbolt 
and S. A. Batterson. US, NASA TN D-448, Aug., 
1960. 22 pp. OTS, $0.75. Study of the effects of 
the initial conditions of sinking velocity, angle of 
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attack, and pitch rate on impact severity and the 
effect of locating the rear gear in various positions. 
Some information is included regarding the influ- 
ence of landing-gear location on effective masses. 
Preliminary experimental results on the slide-out 
phase of landing include sliding and rolling friction 
coefficients that have been determined from tests 
of various skids and all-metal wheels. 


AVIATION & SPACE MEDICINE 


AN ENVIRONMENTAL CONDITIONING SYSTEM 
FOR A MANNED SATELLITE. N,. J. Bowman and 
E. H. Dingman. Brit. Interpl. Soc. J., July-Aug,, 
1960, pp. 372-380. Description of a life-environ- 
ment system for a satellite designed to stay aloft 
for 60 days. Water is recovered by evaporative 
distillation and refrigeration, oxygen regenerated 
by electrolysis of water, carbon dioxide removed 
by use of lithium oxide (nonregenerative), and ca- 
pacity for radiating 150,000 B.t.u./day from the 
satellite as a whole is provided. With automatic 
control the system is suitable for use in an ani- 
mal-carrying satellite. Weight comparison with 
other suggested systems is favorable. 


HIGH ALTITUDE CHAMBERS AND PRESSURE 
SUITS AND THEIR PART IN MANNED FLIGHT TO 
THE MOON. E. W. Still. Brit. Interpl. Soc. 
Lecture, Westminster, Apr. 28, 1960, Paper. 

40 pp. 20 refs. Study of environmental system 
engineering to sustain man during all phases of a 
journey to the Moon and back. A review of current 
and projected man-bearing vehicles is made; infor- 
mation from these projects is then used to estimate 
parameters such as size of cabin, number of crew, 
duration of flight, and possible heat loads for all 
stages of such a journey. The environmental re- 
quirements necessary to sustain life, together with 
a statement of assumptions in respect to the flight 
phases concerned, are given. A detailed descrip- 
tion is made of the environmental engineering sys- 
tems for a small Earth-to-orbit vehicle, a large 
space station, and alunar suit. In addition, men- 
tion is made of some possible emergencies and 
their countermeasures. The conclusionis reached 
that a manned trip to the Moon presents no insu- 
perable extension of existing knowledge, but if 
voyages are projected to Mars or other planets, 
this will require considerable development of 
closed-circuit ecology. 


THE INFLUENCE OF HEART ACTION AND 
THE CIRCULATION OF THE BLOOD ON MANNED 
SATELLITE ATTITUDE CONTROL. L. R. Zeitlin 
J. Astron. Sci., Fall, 1960, pp. 70-72. USAF- 
sponsored discussion of the influence on satellite 
attitude control of three types of internal disturbing 
forces. These include (1) ballistic or recoil forces 
caused by heartbeat - the possible satellite dis- 
placement due to ventricular contraction is shown 
to be insignificant except during ultra precise work 
(e.g., photo mapping) if the operator is at the cem 
ter of gravity of the vehicle, but may become more 
noticeable if the cardiac rate excites a system res- 
onance, or if the operator is displaced from the 
center of gravity; (2) mass displacement caused by 
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the pooling of blood - factors which may affect the 
center of the operator's body mass are noted; (3) 
torques caused by the dissymmetry of the blood 
flow - the angular momentum of the equivalent 
blood circuit is calculated. It is found that in a 24 
hour day, a 1,000 kg. satellite would rotate 21° 40! 
about its axis simply in reaction to the angular mo- 
mentum of the astronaut's circulatory system. 
Over a long period of time, a significant amount of 
energy would be required from the attitude control 
system to counteract this torque. 


BIOLOGICAL SHIELDING FOR RADIATION 
BELT PARTICLES. D. L. Dye and J. C. Noyes. 
J. Astron. Sci., Fall, 1960, pp. 64-70. Presenta- 
tion of calculations, made for the particle spectra 
in the most intense regions of the radiation belts, 
of the attenuation of the particle flux by shielding 
on a space vehicle, and of the biological dose rate 
due to the flux which has penetrated the shielding. 
Both protons and electrons are considered in the 
inner belt, but only electrons in the outer belt. 
Secondary particles and bremsstrahlung produced 
by these particles on interacting with a shield are 
also considered. It is shown that, despite the much 
higher electron fluxes, the protons are of much 
greater biological significance. 


ELECTRONICS 


Communications 


OPTIMUM FREQUENCY SELECTION FOR IN- 
TERPLANETARY COMMUNICATION, Suresh 
Chandra. Brit. Interpl. Soc. J., July-Aug., 1960, 
pp. 362-365. 14 refs, Calculation of the power 
required for one-way radio communication from 
Earth to various planetary bodies at various fre- 
quencies by choosing suitable minimum detectable 
power, molecular atmospheric absorption, receiv- 
er bandwidth, and antenna gains. It is found that 
Jupiter is not easily accessible to radio communi- 
cation, owing to its large distance and heavy ab- 
sorption by ammonia present in its atmosphere. 
However, short-interval contacts may be éstablish- 
ed at about 100 mc./sec. under most favorable 
conditions. A frequency of about 3,000 mc./sec. 
is recommended for communications with the Moon, 
Mars, and Venus. Under the conditions assumed, 
the transmitter power required for communications 
with the Moon, Mars, Venus, and Jupiter at 3,000 
mc./sec., using conventional receivers, is 7 
watts, 230 kw., 70 kw., and 8.5 Mw., respec- 
tively. The power requirement for the transmit- 
ter decreases if a receiver employing a maser 
preamplifier is used. 


FUELS & LUBRICANTS 


HETEROGENEOUS COMBUSTION OF MULTI- 
COMPONENT FUELS. B. J. Wood, H. Wise, and 
S. H. Inami. (Comb. Inst. West. States Sect., 
Berkeley, June, 1958.) Comb. & Flame, Sept., 
1960, pp. 235-242. 16 refs. Investigation of the 
variation of the burning-rate coefficient (the time- 
rate of change of drop cross-sectional area) as a 
function of composition in single drops of a group 
of binary fuel mixtures. The results indicate that 
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during combustion the composition of a multicom- 
ponent fuel drop changes by a process of simple 
batch distillation. Drops of fuel mixtures contain- 
ing components of widely different boiling points 
demonstrated instability during combustion. Motion 
pictures of these burning drops reveal the forma- 
tion of bubbles which expand and burst in the liquid 
phase. It is suggested that these effects are due 
to radiative heat transfer from the flame envelope 
to the liquid, resulting in local vaporization of the 
more volative components within the drop. Surface 
temperatures of burning drops of pure compounds 
were measured for a drop suspended from a ther- 
mocouple junction and for a fuel-wetted, porous 
sphere. The values obtained from these measure- 
ments are in close agreement with those calculated 
on the basis of a spherico-symmetric model of a 
burning drop. 


LIQUID-PHASE HEAT-RELEASE RATES OF 
THE SYSTEMS HYDRAZINE-NITRIC ACID AND 
UNSYMMETRICAL DIMETHYLHYDRAZINE-NI- 
TRIC ACID. Dezso Somogyi and Ch. E. Feiler. 
US, NASA TN D-469, Sept., 1960. 16 pp. OTS, 
$0.50. Presentation of the initial rates of heat re 
lease produced by the reactions of hydrazine and 
unsymmetrical dimethylhydrazine with nitric acid 
as determined in a bomb calorimeter under condi- 
tions of forced mixing. Fuel-oxidant weight ratio 
and injection velocity were varied.‘ The rate of 
heat release apparently depends on the interfacial 
area between the propellants. Above a narrow 
range of injection velocities representing a critical 
amount of interfacial area, the rates reach a maxi- 
mum and are almost constant with injection veloci- 
ty. The maximum rate for hydrazine is about 70% 
greater than that for unsymmetrical dimethylhydra- 
zine. The total heat released does not vary with 
mixture ratio over the range studied. 


SOLID PROPELLANT DETONABILITY. A. B. 
Amster, E. C. Noonan, and G. J. Bryan. ARS J., 
Oct., 1960, pp. 960-964. ll refs. Application of 
a shock sensitivity test to formulate broad patterns 
of behavior for propellants under certain conditions, 
Conventional double-base propellants have a sensi- 
tivity somewhat less than that of conventional in- 
sensitive military explosives. This sensitivity in- 
creases slightly with an increase in temperature 
and markedly with decreasing density. Pore type 
is important; samples with nonconnected pores in- 
crease in sensitivity as temperature decreases, 
Many composite propellants containing coventional 
rubber-like binders are not easily detonated. Com- 
posites containing high energy binders are readily 
detonated. An investigation of the attenuation of 
shock by Lucite is made. The results make it pos- 
sible to determine the pressure required to initiate 
detonation in a propellant under the conditions of 
the booster sensitivity test. 


MATERIALS 


High Temperature 


DETERMINATION OF THE MECHANICAL 
PROPERTIES OF AIRCRAFT-STRUCTURAL MA- 


(186) 


TERI 
ERR 
Kattu 
1960. 
eleva 
ous 1 
ryllit 
1, 500 
(ETF 
and r 
miun 
zircc 
spra’ 
con r 
a grap 
with 
| MI 
| 
TRIC 
GRA 
cons: 
gran 
the c 
vectt 
ous 
tions 
oll of th 
| mas: 
for s 
=: in ve 
locit 
calc 
ical 
gran 
a grad 
al fo 
the t 
cons 
grar 
TIO 
CO} 
LU" 
dix 
AT" 
SCF 
EP] 
Dec 
con: 
ic c 
flig 
tati 
and 
and 
teri 
phe 
tior 
| | two 
— (18° 


TERIALS AT VERY HIGH TEMPERATURES AFT- 
ER RAPID HEATING. J. B. Preston and J. R. 
Kattus. USAF WADC TR 57-649, Pt. Il, Apr., 
1960. 70 pp. 18 refs. Presentation of short-time 
elevated-temperature tensile properties for vari- 
ous materials. These include (1) unalloyed be- 
ryllium at temperatures from ambient through 

i 500°F.; (2) ten combinations of base materials 
(ETP copper, A-nickel, unalloyed molybdenum, 
and molded graphite) with protective coatings (chro- 
mium and nickel by electroplating; aluminum oxide, 
zirconium oxide, and zirconium silicate by flame 
spraying; silicon carbide and silicon carbide-sili- 
con nitride by a diffusion reaction onthe surface of 
graphite); and (3) a typical high-temperature alloy 
with linear temperature gradients normal to the 
axis of loading. 


MISSILE, ROCKET, & SPACE TECHNOLOGY 


OPTIMUM THRUST PROGRAMMING OF ELEC- 
TRICALLY POWERED ROCKET VEHICLES IN A 
GRAVITATIONAL FIELD. C. R. Faulders. ARS 
J., Oct., 1960, pp. 954-960. 10 refs. Analysis 
considering the problem of optimum thrust pro- 
graming of an electrically powered rocket under 
the condition of constant jet power. The thrust 
vector is assumed to be parallel to the instantane- 
ous velocity vector at alltimes. The various opti- 
mization problems possible under these restric- 
tions are shown to be equivalent to maximization 
of the change in velocity for specified propellant 
mass and arbitrary range, maximization of range 
for specified propellant mass and arbitrary change 
in velocity, and maximization of the change in ve- 
locity for specified range and propellant mass. The 
calculus of variations is employed to obtain analyt- 
ical expressions for the thrust acceleration pro- 
gram for the foregoing problems with a constant 
gradient of the tangential component of gravitation- 
alforce. Limiting values of this gradient for which 
the tangential component of gravity can be assumed 
constant in the derivation of optimum thrust pro- 
grams are determined. 


THE EPICYCLE METHOD FOR THE REDUC- 
TION OF FLIGHT TEST DATA USING A DIGITAL 
COMPUTER. Appendix A - THE EPICYCLE SO- 
LUTION OF THE EQUATION OF MOTION. Appern 
dix B - DETERMINATION OF THE ANGLE OF 
ATTACK FROM RATE DATA. Appendix C - DE- 
SCRIPTION OF DATATRON-ROUTINE, BEST-FIT 
EPICYCLE. R. P. Danis. J. Aerospace Sci., 
Dec., 1960, pp. 913-920. USAF-supported study 
concerning the problem of determining aerodynam- 
ic characteristics of ICBM re-entry vehicles from 
flight test programs when the available instrumen- 
tation is limited to measuring linear accelerations 
and angular rates. Therefore, the angle of attack 
and certain aerodynamic coefficients must be de- 
termined by reducing these measurements of the 
motion in conjunction with trajectory and atmos- 
pheric data. The data reduction method presented 
uses rate gyro data, and is based on the assump- 
tion that the solution of the equation of the pitching 
and yawing motions is in the form of the sum of 
two rotating vectors. The basis for this approach 
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lies in the fact that the solution of the differential 
equation of motion (in a body-axis system) is the 
sum of two rotating vectors - i,e., an epicycle for 
both the angle of attack and the angular rate. The 
method of computing the magnitude and frequency 
of the two rotating vectors involves an iteration on 
a digital computer and is presented in detail. 


Ballistics, Re-Entry 


AN ANALYTICAL METHOD FOR STUDYING 
THE LATERAL MOTION OF ATMOSPHERE EN- 
TRY VEHICLES. R. E. Slye. US, NASA TN D- 
325, Sept., 1960. 18 pp. OTS, $0.50. Presenta- 
tion of a method applicable for small entry angles. 
Results obtained with the method are compared 
with results from numerical integration of the com- 
plete equations of motion. The method is found 
useful for studying maneuvers of vehicles withaero- 
dynamic lift-drag ratios up to about 1.5. Thus, 
the method should be useful for vehicles of current 
practical interest. It is found that bank angles of 
about 45° are sufficient to utilize the near maxi- 
mum lateral-range potential of a vehicle without 
overly penalizing entry heating effects. 


GRADIENT THEORY OF OPTIMAL FLIGHT 
PATHS. H. J. Delley. (ARS Semi-Annual Meet- 
ing, Los Angeles, May 9-12, 1960.) ARS J., Oct., 
1960, pp. 947-954. 29 refs. Presentation of an 
analytical development of flight performance opti- 
mization according to the method of gradients or 
method of steepest descent. Construction of a 
minimizing sequence of flight paths by a stepwise 
process of descent along the local gradient direc- 
tion is described as a computational scheme. Nu- 
merical application of the technique is illustrated 
in a simple example of orbital transfer via solar 
sail propulsion. Successive approximations to 
minimum time planar flight paths from Earth's or- 
bit to Mars are presented for cases corresponding 
to free and fixed boundary conditions on terminal 
velocity components. 


A CLASS OF OPTIMUM TRAJECTORY PROB- 
LEMS IN NON-CENTRAL GRAVITATIONAL 
FIELDS. R.M. Licher. Douglas Rep. SM-23962, 
May 5, 1960. 14 pp. Extension of Graham's meth- 
od for transferring a rocket vehicle from one point 
to another with minimum fuel expenditure to the 
case of a gravitational field produced by two or 
more bodies. It is assumed that there is no atmos- 
pheric resistance and that the transfer time and 
terminal velocity vectors are specified. A dimen- 
sionless parameter P containing the strength of the 
gravitational field and the prescribed transfer time 
is introduced to measure the nonuniformity of the 
gravitational field and to indicate when terminal 
impulses alone are optimum. 


ASTRONOMICAL CONSTANTS AND THEIR IM- 
PORTANCE IN LUNAR TRAJECTORY DETERMI- 
NATION. C. Tross. ARS J., Oct., 1960, pp. 
938-941. 10 refs. Study of the uncertainties result- 
ing from insufficient accuracy in the constants uti- 
lized for the representation of such effects as the 
earth's bulge and equatorial radius, the lunar and 
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solar masses, and their position coordinates. An 

attempt is made to appraise the effects astronomi- 
cal constants have on lunar vehicle impacts. It is 
shown that lunar impacts can only be predicted to 

fall into an area of about 78 miles in radius. More 
accurate predictions can only be made when the ter- 
restrial and astronomical constants are improved. 


GRAPHICAL PLOTTING OF INTERPLANETARY 
ORBITS. M. Vertregt. Brit. Interpl. Soc. J., 
July-Aug., 1960, pp. 351-358. Presentation of a 
method in which a conic section can be represented 
by straight lines, thus enabling a point on a conic 
section to be constructed if the length of the radius 
vector or the angular pericenter distance is given. 
The construction of tangents to conic sections is 
described. From these, graphical construction is 
used to determine (1) the time needed for a body to 
move from one point to another along an elliptical 
orbit, (2) the plotting of an interplanetary orbit, 
and (3) the direction and magnitude of the transfer 
impulses. 


NOMOGRAMS FOR THE SOLUTION OF ORBIT - 
AL PARAMETERS. G. E. Townsend, Jyri Kork, 
and J. D. Kraft. Aerospace Engrg., Dec., 1960, 
pp. 12,13, 66-78. Presentation of nomograms that 
provide a readily usable and efficient means of mak- 
ing preliminary calculations of orbital elements. 
Graphs are provided for the following: semimajor 
axis as a function of the radius and velocity at any 
point; the semiparameter p as a function of radius, 
velocity, and flight path angle; eccentricity; apogee 
and perigee radii; central angle from perigee; rela- 
tionship between radius, eccentricity, and central 
angle from perigee in an elliptic orbit; local flight 
path angle; eccentric anomaly; relationship between 
orbital position, eccentricity, and time from peri- 
gee; secular precession rate as a function of orbit- 
al inclination and semiparameter; and secular re- 
gression rate as a function of orbital inclination 
and semiparameter. 


MANNED RETURN FROM SPACE. R. B. Hil- 
debrand. 2nd ICAS Congr., Zurich, Sept. 12-16, 
1960, Preprint. 26 pp. 10 refs. Analysis of re- 
entry at speeds greater than 26,000 ft. per sec., 
with particular emphasis on the lunar return mis- 
sion. Ballistic entries are compared with lifting 
entries. The effect of lift is shown to reduce entry 
accelerations and provide a wider permissible 
guidance tolerance for single pass entries. When 
the total heat load increases moderately, lift and 
drag modulation widen the entry corridor signifi- 
cantly. A high maximum lift coefficient will also 
widen the entry corridor and minimize the total 
heat load. 


MODULATED ENTRY. Appendix A - FORMU- 
LAS DERIVED BY USE OF ANALYTIC ASSUMP- 
TIONS. Appendix B - DETAILS OF CALCULA- 
TIONS OF ALLEVIATION FUNCTION IN LIFTING 
CASE. Appendix C - DETAILS OF CALCULA- 
TIONS OF CORRIDOR WIDTH. F. C. Grant. US, 
NASA TN D-452, Aug., 1960. 19 pp. OTS, $0.50. 
Study of the technique of modulation, or variable 
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coefficients, and presentation of representative 
numerical results for the use of modulation in the 
lifting and nonlifting cases. These results include 
the effects of modulation on peak acceleration, en- 
try corridor, and heat absorption. Results are 
given for entry at satellite speed and escape speed 
The indications are that coefficient modulation on 
a vehicle with good lifting capability offers the pos- 
sibility of sizable loading reductions or, alterna- 
tively, wider corridors; thus, steep entries become 
practical from the loading standpoint. The amount 
of steepness depends on the acceptable heating pen- 
alty. The price of sizable fractions of the possible 
gains does not appear to be excessive. 


Guidance, Control, Stability 


INVESTIGATION OF THE ERRORS OF AN IN- 
ERTIAL GUIDANCE SYSTEM DURING SATELLITE 
RE-ENTRY. Appendix - DERIVATION OF ALTI- 
TUDE INSTABILITY. J. S. White. US, NASA TN 
D-322, Aug., 1960. 42 pp. OTS, $1.25. Analysis 
of an inertial guidance system showing that for 
reasonable values of initial-condition errors and 
equipment biases, the resultant position indication 
errors will not become excessive unless the re- 
entry maneuver time is greater than 45 min. to an 
hour. Further, the position indication error caused 
by accelerometer uncertainties can be reduced by 
switching off the accelerometers until their output 
becomes significantly greater than their uncertainty, 


ANALYTICAL INVESTIGATION OF THE DY- 
NAMIC BEHAVIOR OF A NONLIFTING MANNED 
REENTRY VEHICLE. J. H. Lichtenstein. US, 
NASA TN D-416, Sept., 1960. 55 pp. 12 refs. 
OTS, $1.50. Investigation considering the effects 
of variations in the aerodynamic stability deriva- 
tives, the spin rate, re-entry angle, and velocity, 
The effects of geostrophic winds and the use of 
a drogue parachute for stability purposes are also 
investigated. It is found that for the portion of the 
flight above a Mach number of 1, a moderate a- 
mount of negative damping can be tolerated, but be- 
low a Mach number of 1, good damping is necessary, 
The low-speed stability can be improved by employ- 
ing a drogue parachute. The effectiveness of the 
drogue parachute is increased when attached around 
the periphery of the rear of the vehicle rather than 
at the center. Neither moderate amounts of spin 
nor the geostrophic winds have appreciable effects 
on the stability of the vehicle. The geostrophic 
winds and the re-entry angle or velocity all show 
important effects on the range covered by the re- 
entry flight path. 


NUCLEAR ENERGY 


SIZING GAS-COOLED REACTOR CORES; A 
SIMPLIFIED METHOD FOR THERMODYNAMIC 
REQUIREMENTS. T. G. Flock. Aerospace Engrg, 
Dec., 1960, pp. 14,15,80-82. Presentation of a met 
od for rapid calculation of reactor geometry for 
gas-cooled reactors to satisfy thermodynamic re- 
quirements. It is useful for optimization and off- 
design studies, and may also be of assistance in 
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estimating cooling passage sizes of shields and 
other heat sinks. 


POWER PLANTS 


MAGNETOHYDRODYNAMIC POWER GENERA- 
TION USING NUCLEAR FUEL. R. J. Rosa. Avco 
Everett Res. Lab. RR 87, Mar., 1960. 19 pp. ll 
refs. Presentation of a brief review of the theory 
of magnetohydrodynamic (MHD) power generators 
and of the electrical properties of gases. Overall 
performance characteristics of MHD generators 
are presented as functions of these gas properties. 
An experimental MHD generator is described and 
its performance discussed. A power plant cycle 
designed for use with a nuclear reactor is also de- 
scribed. The reactor in this case would need the 
same temperature capability as those now being de- 
veloped for nuclear rocket propulsion. Also dis- 
cussed are some of the possibilities for the future 
in which more exotic forms of high temperature re- 
actor combined with an MHD generator may make 
possible nuclear powered systems having, by pres- 
ent standards, very low cost, high efficiency, 
and/or light weight. 


ELECTRIC POWER GENERATION SYSTEMS 
FOR USE INSPACE. H. O. Slone and Seymour 
Lieblein. 2nd ICAS Congr., Zurich, Sept. 12-16, 
1960, Preprint. 17 pp. 17 refs. Comparison of 
space power generation systems based on chemical, 
solar, and nuclear energy sources on the basis of 
system specific weight, electrical power level, 
and mission lifetime. For power levels between 
0.1 and 1.0 kw., solar cells, solar thermionic, and 
isotope thermoelectric systems are competitive. 
Between about 1.0 and 10 kw., solar and reactor 
turbine-generator and reactor thermionic systems 
are competitive. For power levels greater than 
about 10 kw., only the reactor turbine-generator 
and thermionic systems are promising. 


CHARGE NEUTRALIZATION IN AN IONIC 
ROCKET. G. G. Cloutier and T. W. Johnston. 
J. Astron. Sci., Fall, 1960, pp. 49-58. Discussion 
of an ionic rocket model in which ions are ejected 
from an ideal plane diode. Charge neutralization 
of the ion beam is accomplished by means of elec- 
trons injected around the ion beam. The potential 
within the ion beam in the presence of electrons is 
studied as an electrostatic problem. The power 
and thrust of an ionic rocket are studied in terms 
of the parameters of an ideal plane diode. Consid 
erations of the potential depression within the diode 
indicate that the power and thrust deteriorate very 
rapidly for diode spacings less than one-half the 
radius of the beam. Considerations are given for 
the optimum choice of diode parameters. A numer- 
ical example illustrates the relative importance of 
the various factors. The process of charge mixing 
is discussed in view of the approximations made. 


Jet & Turbine 


POWER PLANTS FOR SUPERSONIC TRANS- 
PORTS, J. S. Alford. (RAeS Hatfield Branch, 2nd 
Halford Lecture, May ll, 1960.) RAeS J., Oct., 1960, 
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pp. 617-628, 10 refs. Presentation of a design analy- 
sis of the J79 turbojet engine andits aft fanversion. 
Details are given ofthe compressor, thin wall coni- 
cal shaft, the twin or Siamese bucket shank and 
dovetail, and the honeycomb shrouds. Installation 
problems to insure a close relationship between 
the induction system, the secondary air system, 
the jet nozzle, and the basic engine are discussed. 
The variable converging-diverging exhaust nozzle 
of the B-58 is described in detail. The advantages 
of the aft-fan version and some development prob- 
lems are then discussed. The development of the 
J93, designed for flight at Mach 3 and based on 
the J79 is described. This engine uses such J79 
concepts as a variable stator compressor, single 
shaft design, and a converging-diverging exhaust 
nozzle. It is believed that engines for supersonic 
transport will not be selected for cruise s.f.c. 
alone, but rather on the basis of overall operation- 
al capability over the entire operating spectrum. 
The cruise speed must be decided upon before se- 
lecting the optimum engine. The nonaugmented 
turbojet has excellent specific fuel consumption at 
supersonic cruise. However, the superiority is 
not maintained over the wide operating range of 
speed, A fan with by-pass burning combines the 
desirable characteristics of the ram-jet and the 
turbojet. 


Rocket 


THE EFFECT OF A SHOCK WAVE ON A BURN- 
ING SOLID PROPELLANT. E. M. Landsbaum. 
2nd ICAS Congr., Zurich, Sept. 12-16, 1960, Pre- 
print. 12 pp. 14 refs. Analysis in which the pro- 
pellant is considered to be at the end of the shock 
tube in the reflected shock zone. The propellant and 
gaseous combustion zone experience the shock wave 
only as a sudden change in the impressed pressure 
and the instantaneous solid-propellant burning rate. 
The time-dependent temperature distribution in 
the propellant is determined numerically. Burning- 
rate-time plots are presented for the variation of 
the important parameters. The effect of initial 
burning is shown and it is suggested that this effect 
may bound the allowable frequency regions in solid 
propellant combustion instability. 


SERVO CONTROL OF A VARIABLE THRUST 
ROCKET. J. J. Rodden and R. J. Pollak. ARS 
J., Oct., 1960, pp. 964-967. Description of tests 
on a variable thrust engine operated in a closed 
loop formed by feeding back a voltage proportional 
to chamber pressure to an electrohydraulically ac- 
tuated injector. A thrust servomechanism is creat- 
ed, producing thrust proportional to a voltage input. 
The tests demonstrated closed loop thrust response 
to a voltage command equivalent to a second order 
system flat to about six cps. It was determined 
that through proper mechanical design, a continu- 
ously controlled engine with full-range throttlabili- 
ty could be produced with a band-pass limited only 
by the chemical reaction time for fuel ignition. 


RELATIVE EFFECTS OF PROPELLENT DEN- 
SITY AND OF SPECIFIC IMPULSE ON ROCKET 
PERFORMANCE, I. G. Henry. Brit. Interpl. 
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Soc. J., July-Aug., 1960, pp. 366-371. Navy- 
sponsored presentation of performance analysis 
for three different design situations. 
(a) propellant volume and part of empty mass fixed, 
(b) full mass and part of empty mass fixed, and 

(c) full mass and part of empty mass fixed, varia- 

ble diameter. A method is developed to select 

the best propellant or the best mixture.of a propel- 
lant combination for each of the three design situa- 
tions. Design charts are given for specific impulse 
versus density in the cases of cryogenic and stor- 

able propellants. 


RESEARCH, RESEARCH FACILITIES 
Wind Tunnels 


ON THE USE OF SHOCK TUNNELS FOR RE- 
SEARCH ON HYPERSONIC FLOW. D. W. Holder 
and D. L. Schultz. 2nd ICAS Congr., Zurich, 
Sept. 12-16, 1960, Preprint. 16 pp. 23 refs. Brief 
description of the shock tunnels and shock tubes 
that are in use at the NPL, and outline of recent 
research on the duration of uniform flow in shock 
tunnels operated by the reflected-shock technique. 
Particular attention is given to the effects of dis- 
turbances reflected from the contact surface, and 
of the expansion wave originating at the diaphragm. 
The results suggest that, over a useful range of 
shock Mach numbers, the pressure atthe nozzle en 
try can be maintained reasonably constant for a 
period which is long compared with the time re- 
quired to establish steady flow past the model under 
test, and which should permit many aerodynamic 
measurements to be made. Recent NPL work on 
the development of suitable measuring techniques 
is summarized, 


ROTATING WING AIRCRAFT, HELICOPTERS 


ISR - INHERENTLY STABLE ROTOR SYSTEMS. 
E. K. Liberatore. AHS J., Oct., 1960, pp. 3-12. 
Presentation of an approach to inherent stability, 
which is applicable to helicopters and ducted-fan- 
type flying platforms. The hovering case for each 
is treated analytically. The method involves the 
effective separation of the rotor "speed stability"' 
from its "damping in pitch, '' both of which are nec- 
essary for dynamic stability in hovering. Recom- 
mendations for an experimental program to verify 
the principle are given. 


COMPARISON OF CURRENT OPERATIONAL 
ROTOR SYSTEMS AND A ROTOR HAVING FLOAT- 
ING HUB AND OFFSET CONING HINGES. M. D. 
Marks. AHS J., Oct., 1960, pp. 13-23. Descrip- 
tion of design and operational characteristics of a 
floating hub rotor that was based on the theoretical 
work done by Hohenemser. Discussion includes 
consideration of longitudinal and lateral stability, 
gust response, collective pitch response, autorota- 
tion, ground resonance, starting and stopping in 
the wind, and speed capability. 


STRUCTURES 


IMPORTANT RESEARCH PROBLEMS IN AD- 
VANCED FLIGHT STRUCTURES DESIGN - 1960. 
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These include: 


Appendix A - MEMBERS OF THE NASA RESEARCH 
ADVISORY COMMITTEE ON STRUCTURAL DE- 
SIGN. Appendix B - ENVIRONMENT. Appendix 

C - ENVIRONMENT CONTROL. Appendix D - 
CONFIGURATION STUDIES. Appendix E - ANA- 
LYTICAL METHODS AND DESIGN ALLOWABLES, 
Appendix F - MATERIALS SELECTION AND DE- 


VELOPMENT. Edited by N. F. Dow. US, NASA 
TN D-518, June, 1960. 49 pp. 20 refs. OTS, 


$1.50. Discussion of areas needing emphasis in 
research. These areas include: (1) studies of cha 
racteristics of planetary and space environments 
as they relate to structural design, (2) investiga- 
tions of methods of control of the environmental 
hazards, (3) evaluations and development of ad- 
vanced structural configurations, (4) improvements 
in methods of structural analysis, and (5) studies 
of materials selection and development. Important 
problems in each of these areas are delineated. 
Facilities and flight investigations required are 
described and recommended. Improved integration 
of structures and materials research is indicated 
to be a vital factor in the development of advanced 
flight structures. 


Beams & Columns 


INVESTIGATION OF THE BUCKLING STRENGTH 
OF CORRUGATED WEBS IN SHEAR. Appendix - 
EDGE RESTRAINT OF TEST WEBS. J. P. Peter- 
son and M. F. Card. US, NASA TN D-424, June, 
1960. 29 pp. 17 refs. OTS, $0.75. Presentation 
of design charts from which the buckling strength 
of corrugated shear webs can be determined. The 
charts are applicable to webs with supported edges 
in which the edge rotations of the web along lines 
of support may range from unrestrained (simply 
supported edges) to completely restrained (clamped 
edges). In addition, the results of shear tests on 
seven beams with corrugated webs are presented 
and discussed, 


Connections 


INVESTIGATION OF THE COMPRESSIVE, 
BEARING, AND SHEAR CREEP-RUPTURE PROP- 
ERTIES OF AIRCRAFT STRUCTURAL METALS 
AND JOINTS AT ELEVATED TEMPERATURES. 
L. A. Yerkovich. USAF WADC TR 59-572, Mar., 
1960. 100 pp. Investigation of the properties of 
selected airframe alloys to correlate tension be- 
havior with behavior under the various other types 
of loads and also to apply the determined data to 
the prediction of the behavior of riveted joints un- 
dergoing creep deformation in tension, bearing, 
and shear. The high temperature short time de- 
formation properties of 16 V-2.5 Al titanium alloy 
and Vascojet 1, 000 alloy steel in tension, compres- 
sion, bearing, and shear are summarized in tabu- 
lar and chart form. In addition, correlations of 
the tensile creep-rupture properties with corre- 
sponding compression, bearing, and shear creep- 
rupture properties are presented. The creep-rup 
ture characteristics of single-rivet lap type joints 
and two-rivet doubler type joints prepared from 
the test alloys are given. Correlations between 
measured joint creep-rupture and predicted joint 
creep-rupture are included. 
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Cylinders & Shells 


THE BUCKLING OF CIRCULAR CYLINDRICAL 
SHELLS UNDER PURELY RANDOM EXTERNAL 
PRESSURES. J. C. Samuels. J. Aerospace Sci., 
Dec., 1960, pp. 943-950. Application of the mean- 
square stability theory of Samuels and Eringen to 
the problem of stability in cylindrical shells. It is 
found that stability is determined by the character 
of the roots of a determinantal equation of the 36th 
degree. Nyquist's method of determining stability 
is applicable to this determinantal equation in nu- 
merical examples. Explicit mean-square stability 
criteria are developed for a circular ring under 
purely random pressures. The study showed that 
all modes of vibration of the ring are unstable for 
sufficiently large spectral density of the pressure 
fluctuations. 


Elasticity & Plasticity 


THERMOELASTICITY. E. W. Parkes. Stan- 
ford U. Dept. Aero. Eng. SUDAER 91 (AFOSR TN 
60-380), Feb., 1960. 9l pp. Presentation of cer- 
tain aspects of the classical approach to thermal 
stress problems, The discussion includes such top- 
ics as thermal and elastic constants, Maxwell's 
equations and the relations between the thermoelas- 
tic constants, the thermoelastic equations, bound- 
ary conditions, the heat conduction equation, elas- 
tic thermal stresses and their effects on stiffness, 
and inelastic thermal stresses and the design phi- 
losophy for repeated thermal loading. 


ON VARIATIONAL PRINCIPLES IN THERMO- 
ELASTICITY AND HEAT CONDUCTION. G. Herr- 
mann. Columbia U. Dept. Civ. Eng. & Eng. Mech, 
Inst. Flight Struc. TN 4 (AFOSR TN 60-418), Apr., 
1960, 18 pp. Study extending the variational prin- 
ciples for displacements, for stresses, and for both 
displacements and stresses in isothermal elasticity 
to the coupled processes of thermoelasticity and 
heat conduction in a three-dimensional, anisotropic 
body. The character of these principles is exam- 
ined and it is established that in a stable system 
one is concerned with a minimum, a maximum, 
and a stationary value problem, respectively. 


Fatigue 


A STATISTICAL METHOD FOR FAIL-SAFE 
DESIGN WITH RESPECT TO AIRCRAFT FATIGUE 
B. K, O. Lundberg and Sigge Eggwertz. Appendix 
- ASPECTS OF THE PROBABILITY OF COL- 
LAPSE OF A CRACKED STRUCTURE. Lennart 
von Sydow. 2nd ICAS Congr., Zurich, Sept. 12-16, 
1960, Preprint. 19 pp. 18 refs. Presentation of 
a method for calculating the probability of collapse 
ina diffuse wing structure, taking into account the 
growing probability with service time of crack ini- 
tiation, as well as crack propagation and inspection 
frequency. In addition, a numerical example is 
Presented indicating how the method can be used 
for an actual design so as to comply with a certain 
Permitted limit probability for a wing section, 

Pls. An appropriate choice of the stress level is 
emphasized as the main tool of the designer to 
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meet the required Py if the fatigue quality of the 
structure, as such, cannot be improved and the 
inspection interval cannot be shortened for prac- 
tical reasons. 


Plates 


PLASTIC COMPRESSIVE BUCKLING OF SIM- 
PLY SUPPORTED PLATES ON INTERIOR ELAS- 
TIC SUPPORTS. Paul Seide. J. Aerospace Sci., 
Dec., 1960, pp. 921-925,950. Application of the 
Bijlaard-Stowell theory of plastic stability for four 
cases of interior elastic support: a uniform foun- 
dation, equally spaced longitudinal or transverse 
line supports, and uniformly distributed point sup- 
ports. It is shown that the numerical results for 
three of the problems may be obtained by a simple 
transformation or replotting of the results of the 
corresponding elastic problem. Because of the 
large number of parameters and the complex cal- 
culations, no attempt was made to obtain numeri- 
cal results for the fourth problem, a plate on point 
supports. 


DESIGN FOR MINIMUM WEIGHT. S. Yusuff. 
Aircraft Eng., Oct., 1960, pp. 288-294. 16 refs. 
Analysis considering the design of stiffened compres- 
sion panels based on the plate instability mode in which 
the sheet and stiffeners, having been stressed to 
the same degree, simultaneously buckle over along 
wavelength with the length of a buckle equal to the 
pin-ended length of a panel. Charts to determine 
the buckling stresses of the modes required for the 
minimum-weight design are given, as are formulas 
to compute the effective moment of inertia of a 
stiffener over a wide range of panel proportions for 
Z-section and integrally machined unflanged stiff- 
eners. 


Testing Methods 


FORMULAE FOR USE WITH THE FATIGUE 
LOAD METER IN THE ASSESSMENT OF WING 
FATIGUE LIFE, J. Phillips. Gt. Brit., RAE 
TN Struc.279, Apr., 1960. 39 pp. Derivation of 
suitable constants which, when multiplied by the 
readings recorded at each appropriate acceleration 
level on a fatigue load meter and then added togeth- 
er, give directly the proportion of fatigue life used 
up in the wing. It is suggested that when the esti- 
mated proportion is of order 80%, then a more de- 
tailed assessment of fatigue life should be made. 


Thermal Stress 


SOME PROBLEMS OF DYNAMIC DISTORTION 
IN THERMOELASTICITY. Wtadystaw Piechocki 
and Jézef Ignaczak. Arch. Mech. Stosowanej, 

No. 2, 1960, pp. 259-278. 19 refs. Study of cer- 
tain problems concerning the dynamic thermal dis- 
torsion of an elastic body. A nonsteady state nu- 
cleus of thermoelastic strain is introduced in a 
manner analogous to the static case. Such a nu- 
cleus may be a surface, linear, or a point nucleus, 
Point-symmetric problems for the elastic sphere 
and the infinite body with a spherical cavity are 
considered. The considerations are based on a 


December 1960 - Aerospace Engineering 113 


WAG 
a 
| 
‘ 
) 


nonsteady state surface nucleus. Cases of dis- 
continuous temperature fields both in space and in 
time are studied. One of the results of the study 
is the state of thermal stress in a body containing 
an elastic shell with a coefficient of thermal ex- 
pansion different from that of the ambient medium, 
which is heated during a short time-interval. For 
the infinite body, static thermal inclusions are ob- 
tained as a result of the presented theory, in the 
case of several spherical shells with various coef- 
ficients of thermal expansion. The solution to 
Nowacki's problem concerning the thermal stress 
propagation due to an instantaneous heat source is 
obtained. In the second part, an elastic spherical 
body is studied, and the solution of any point-sym- 
metric dynamic problem of thermoelasticity is ob- 
tained for this body. In the third part, the prob- 
lem of the propagation of surface thermal distor- 
tion in an infinite body having a spherical cavity is 
considered. 


TRANSIENT THERMAL STRESSES IN VISCO- 
ELASTIC PLATES AND SHELLS. W. Nowacki. 
2nd ICAS Congr., Zurich, Sept. 12-16, 1960, Pre- 
print. 17 pp. 18 refs. Evaluation of thermoelas- 
ticity equations for elastic and viscoelastic solids 
that indicates the possibility of applying an elastic- 
viscoelastic analogy to a wide class of problems and 
the correspondence principles tonumerous quasi- 
static phenomena. Application of correspondence 
principles yields solutions for viscoelastic prob- 
lems, by convolution of the solution for the corre- 
sponding elastic problem. Examples are given for 
discs, plates, and shells made of viscoelastic ma- 
terial possessing a linear characteristic. It is 
assumed that the solid is homogeneous, isotropic, 
that all material properties are independent of 
temperature, and the yield limit is not reached. 


THERMAL STRESSES NEAR THE ROOTS OF 


RECTANGULAR WINGS. G. G. Pope. Gt. Brit., 
RAE Rep. Struc.254, May, 1960. 28 pp. Presen- 


tation of a continuous solution for the stress distri- 
bution in a simple wing surface represented by a 
uniformly reinforced strip bounded by equal con- 
stant area edge members, when the sections in the 
airstream experience a uniform temperature rise. 
The section shielded by the fuselage is assumed to 
remain at a constant temperature. This analysis, 
which takes into account the bending, shear, and 
direct stiffness of the edge members, is used to 
evaluate the shear stress distribution in a specific 
strip used as an example. The stress distribution 


ature gradient at the edges of the fuselage both for a 
constant chordwise temperature and for a parabolic 
chordwise temperature variationinthe airstream. 


Wi gs 


THE DIVERGENCE OF SUPERSONIC LINEAR 
VISCOELASTIC LIFTING SURFACES INCLUDING 
CHORDWISE BENDING. H. H. Hilton. J. Aero- 
space Sci., Dec., 1960, pp. 926-934. 23 refs. 
Development of an elastic-viscoelastic analogy for 
the creep deformation of lifting surfaces. It is ap 
plicable to chordwise bending and torsional diver- 
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inthis same stripis also calculated by the Argyris ma- 
trix force method, assuming a finite spanwise temper- 


gence analyses. The general linear viscoelastic 
stress-strain relationships are used and the analogy 
is derived in terms of Fourier and Laplace trans. 
forms. An illustrative example for the case of 
torsional divergence is included, and the contribu- 
tions of the various parameters influencing creep 
deformations are discussed. 


THERMODYNAMICS 


PRANDTL NUMBER, THERMAL CONDUCTIVL 
TY, AND VISCOSITY OF AIR-HELIUM MIXTURES, 
E, R. G. Eckert, W. E. Ibele, and T. F. Irvine, 
Jr. US, NASA TN D-533, Sept., 1960. 39 pp. 

42 refs. OTS, $1.00. Presentation of Prandt] 
number measurements at a temperature of 270°K, 
for mixtures ranging from pure air to pure helium ff 
Various methods for predicting the thermal conduc. 
tivity and viscosity of binary mixtures are also ip. 
vestigated and results obtained by use of these 
methods are compared with experimental results, 
The method set forth by Hirschfelder, Curtiss, 
and Bird which uses the Lennard-Jones intermo- 
lecular potential was selected, and force constants 
determined from experimental data were applied 
for predicting thermal conductivity and viscosity, 
Dimensionless conductivities, viscosities, and 
Prandtl numbers were calculated over the tempera- 
ture range of 200° to 1,500°K, for mixtures ranging 
from pure air to pure helium. 


Combustion 


KINETIC PARAMETERS FOR THE HYDROGEN 
AND ETHYLENE FLAMES FROM FLASHBACK 
MEASUREMENTS. B. Fine. Comb. & Flame, 
Sept., 1960, pp. 243-252. 15 refs. Study of the 
apparent change of reaction order with flame tem- 
perature through measurement of the flashback of 
laminar burner flames. Measurements are made 
with independent variation of pressure and flame 
temperature. This allows a simultaneous deter- 
mination of the overall order and activation energy 
for a flame reaction involving fuel and oxygen. In 
addition, flashback measurements with variation ofe- 
quivalence ratio are made inan attempt to determine 
orders with respect to individual components of the 
initial mixture. Data are presented for premixed hy- 
drogen-oxygen and hydrocarbon-oxygen flames with 
nitrogen, with argon, and with helium as diluents. 


VTOL & STOL 


THE VERTODYNE VTOL AIRCRAFT STUDY 
SEMI-SPAN MODEL TESTS IN HOVERING AND 
FORWARD FLIGHT. E. Brogan, G. Casey, B. 
Engel, and C. Fay. Boeing Vertol Div. Rep. R- 
158, Mar. 30, 1960. 101 pp. 13 refs. Navy-spon- 
sored investigation of a fan-in-wing concept by 4 
series of static and forward speed tests on a semi- 
span model. Data are presented in dimensionless 
form which cover the forces and moments acting 
on the model and the fan power required for a range 
of static and forward flight conditions. Wing sur- 
face pressures are presented for the same range 
of conditions. Significant increases in wing lift 
accompanied by high nose-up pitching moments were 
obtained inforwardflight. Model static thrust per 
horsepower was found to decrease in ground effect. 
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Ballistics, Re-Entry 


General Research in Flight Sciences—Flight 
mics and Space Mechanics. I—Topologi- 
cal Structure of the Space of Trajectories for the 
Restricted Problem of Three Bodies. Sze- 
Tsen Hu. Lockheed Aircraft Missiles & Space 
Div., vol. 111, TR LMS D-288139, Jan., 1960. 23 
p. Analysis in which it is proven that the natural 
topology induced by the usual compact open top- 
ology of the phase space, the space A of all allow- 
able trajectories for the restricted problem of three 
bodies is homeomorphic to a topological product 
of the Euclidean plane R? with two of its points 
deleted and to the Euclidean plane itself. The 
significance of the result is that the topological 
structure of A does not depend on the masses of 
the bodies or their angular velocity w. 


Escape in the Equatorial Plane of an Oblate 
Planet. M. L. Anthony and G. E. Fosdick. 
ARS J., Sept., 1960, pp. 898-901. Analysis 
considering the effect of oblateness on the escape 

th of a vehicle moving in the equatorial plane 
of a planet, and presentation of some numerical 
results pertinent to the case of earth. 


Predicting the Performance of Re-Entry 
Bodies. A. 4 ammal. Space/Aeronautics, 
Sept., 1960, pp. 55-58. _ Presentation of a series 
of graphs for rapid prediction of atmospheric re- 
entry vehicle characteristics with sufficient ac- 
curacy for comparative studies and preliminary 
design. 


Guidance, Control, Stability 


Synthesis of Optimum Control Systems With 
Area-Bounded Control Signal. R. Kulikowski. 
Acad. Pol. Sci. Bul., Tech. Sci. Ser., No. 4, 1960, 
pp. 179-186. Investigation to determine the 
optimum control signal which, for the given fuel 
consumption, varies in such a manner that the 
flight path angle and its derivatives achieve in 
minimum time 7 the input signal derivatives 
which describe the desirable trajectory and are 
delivered by the missile-receiver or radar and 
computer. 


Terminal Guid Technigq for Satellite 
Interception Utilizing a Constant Thrust Rocket 
Motor. M. L. Nason. (ARS _ Controllable 
Satellites Conf., Cambridge, Apr. 30—May 1, 
1959.) ARS J., Sept., 1960, pp. 902-904. 
Analysis of the planar relative motion between a 
target and interceptor satellite by means of a 
perturbation technique in order to obtain 
linearized equations of motion which are valid in 
the vicinity of a collision course. A terminal 
guidance law is formulated for attaining such a 
collision course. 


L’Autoguidage par Infrarouge Contre les 
Objectifs Aériens. M. Hadrot. Docaéro, Jan., 
1960, pp. 23-40. 16 refs. In French. Dis- 
cussion of problems associated with the infra- 
red guidance of missiles, including application, 
radiation from the target, radiation from the 
atmosphere, and the guidance system, its optical 
materials, scanning system, and radiation detec- 
tors. 


Douglas Designs Delta Flight Controller. 
Russell Hawkes. Av. Week & Space Tech., 
Sept. 12, 1960, pp. 61, 63. Discussion of the 
performance and operation of a flight controller 
especially designed to give NASA Delta space 
vehicles precise orbits and trajectories, such as 
that of Echo I. 


The Stable Platform: Key to Inertial Guid- 
ance. Electronic Des., Sept. 14, 1960, pp. 182- 
189. Discussion of the ‘“‘three-gimbal, three 
single-degree-of-freedom gyro’”’ type of platform, 
including a comparison with the four-gimbal 
system. 


Spacecraft 


Small Space Stations Built Around Last-Stage 
Tankage. K.R. Stehling. (Rand-NASA Conf. 
on Space Struc., Santa Barbara, Apr., 1960.) 
Space/ Aeronautics, Sept., 1960, pp. 45-47. Dis- 
cussion of design approaches for minimum 
manned space stations using either inflatable 
Structures or last-stage tankage as a crew area. 
Possibilities of instrumentation and prime engi- 
neering problems are outlined. 


J. F. Wolfe and D. DeBra. J. Astron. Sci., 
Summer, 1960, pp. 47, 48. Development of 
equations for an ascent trajectory based on the 
characteristic velocity as the common criterion. 
Large circular orbits are attained by coasting on 
a transfer orbit after initial thrust and then per- 
forming a second circularizing maneuver when 
the proper altitude is reached. The second 
Maneuver occurs at apoapsis of the transfer orbit, 
Which must coincide with a point on the desired 
circular orbit. 


Observation Satellites: Problems and Pros- 
pects, VI. A. H. Katz. Astronautics, Oct., 
1960, pp. 36-38, 40. Discussion of factors lead- 
ing to weight increase in observation satellites, 
peluding trends toward greater payload capa- 
pal effect of improved data gathering and 
feusmitting equipment on weight, and other 
fctures (such as ejectable data capsules, mission 
or satellite type) which lead to greater weight. 


Pa the Possibility of Space Surveillance Via a 
our Satellite. J. S. Greenberg. USAF 


RADC TN 60-9, Mar., 1960. 18 pp. 10 refs. 
Discussion of power requirements of a typical 
system configuration in terms of integration time 
(coherent versus noncoherent integration), trans- 
mitter beamwidth, frequency, and echo area. 


Magnetic Field Effects on Artificial Satellites. 
x. ilson, Jr. Sky Telescope, Aug., 
1960, pp. 76-79. Discussion of the braking effect 
on artificial satellites having electrical conduc- 
tivity and rotating in a magnetic field. Methods 
of magnetic damping are suggested, as is a 
special satellite to study spin rate that has a 
surface of 2,500 small glass mirrors to reflect sun- 
light. 

The Navy’s Solar-Radiation-Measuring Satel- 
lite. R.W. Kreplin, T. A. Chubb, and Herbert 
Friedman. Naval Res. Rev., Aug., 1960, pp. 
1-3. Discussion of the orbit and instrumenta- 
tion of the Sunray satellite designed to monitor 
the intensity of short-wave solar radiations ar-- 
riving at the top of the earth’s atmosphere. 


Pioneer VI Designed for Moon Orbit. Av. 
Week & Space Tech., Sept. 12, 1960, pp. 56, 57, 
59. Discussion of the orbit, instrumentation, 
operation, and purpose of the 388-lbs. instru- 
ment-packed Pioneer VI satellite. 


Natural Flight 


Biophysics of Bird Flight. August Raspet. 
Soaring, Aug., 1960, pp. 12-20. 22refs. Analy- 
sis considering the aerodynamics of a bird’s wing, 
in particular, that of motionless wing flight. 


Navigation 


Navigation et Guidage. Pierre Guadilliére. 
Tech. & Sci. Aéronautiques, Mar.-Apr., 1960, pp. 
115-132. In French. Summarized survey of 
three lectures covering methods for determining 
speed and direction of moving bodies, outline of 
the principles of inertial navigation, and review of 
the use of radio beacons, radar systems for ap- 
proach speed, direction and landing aids, and 
celestial navigation factors. 


Electronic Aids 


Multiple Pulse and Phase Code Modulation in 
the Loran-C System. R.L. Frank. JRE Trans., 
ANE Ser., June, 1960, pp. 55-61. USAF-Navy- 
supported discussion of the unique signal modula- 
tion characteristics, showing that phase coding by 
carrier phase reversal, coupled with synchronous 
detection, facilitates automatic master and slave 
identification and search, and prevents multihop 
skywave interference. 

Breaking the Air Traffic Jam. Gen. Precision 
Equip. Corp. Paper, Apr., 1960. 20 pp. Dis- 
cussion of the program to modernize data handling 
in the nation’s air traffic control system and of 
new advances in precise air navigation. 


Traffic Control 


The Case for Area Positive Control. R. W. 
Martin. J. Air Traffic Control, Oct., 1960, pp. 
7-10. Discussion of Operation Pathfinder which 
is designed to evaluate the concept of area positive 
control, including its effect on future systems. 
The inadequacies of current and former air 
traffic control procedures are also presented. 


MOPTARS—Multiple Object Phase Tracking 
and Ranging System. W. D. Ettridge. J. 
Air Traffic Control, Oct., 1960, pp. 26-30. Dis- 
cussion of the concepts, operation, and potentiali- 
ties of a new range instrumentation system for 
tracking cooperative targets which is omnidirec- 
tional, requires no moving antennas, and pro- 
vides extremely accurate three-dimensional posi- 
tion data. 


Nuciear Energy 


La Energia Atémica en Aviacién. Rev. Nac. 
Aero., July, 1959, pp. 35-42. In Spanish. 
Translation. Survey covering the fundamentals 
of nuclear physics, the possibilities of applying 
nuclear energy to aircraft propulsion, and the 
problems connected with the construction of 
atomic aircraft. 


Introduzione alla Propulsione Atomica degli 
Aerei. Vittorio Antoniazzi. Riv. Aero., Mar.; 
Apr., 1960, pp. 339-360; 523-581. In Italian. 
Discussion covering the fundamentals of nuclear 
physics and the physics of nuclear reactors for air- 
craft application. 


Introduzione alla Propulsione Atomica degli 
Aerei. II. Vittorio Amntoniazzi. Riv. Aero., 
May, 1960, pp. 687-736. In Italian. Further 
discussion of the problem of applying nuclear 
reactors to aircraft propulsion. The probable 
characteristics of such reactors and their control 
are covered along with the probable design of 
nuclear aircraft engines. The atomic power 
plants considered include rocket, ram-jet, turbo- 
jet, and turboprop types, as well as combinations 
of nuclear and chemical power plants. 


Introduzione alla Propulsione Atomica degli 
Aerei. III. Vittorio Antoniazzi. Riv. Aero., 
June, 1960, pp. 851-871. In Italian. Further 
discussion of problems involved in the application 
of nuclear reactors to aircraft propulsion. Major 


problem areas, such as shielding, are covered. 
These include shielding of the crew, as well as pro- 
visions for ground servicing, design specifications 
for nuclear powered aircraft, and special measures 
for take-off and landing opesations. 


Folosirea in Viitor a Energiei Atomice in 
Aviatie si Tehnica Rachetelor. M. Girdu. 
Rev. Transp., Feb., 1960, pp. 54-60. In Ru- 
manian. Discussion of the research done on the 
application of nuclear energy to aircraft and 
rocket propulsion. The advantages of each case 
are evaluated and possibilities of future develop- 
ment are considered. 


Guidelines in Designing for a Nuclear Environ- 
ment. P.S. Miglicco and D. M. Newell. Elec- 
tronic Des., Sept. 14, 1960, pp. 68-71. 10 refs. 
Discussion emphasizing the influence which 
non-radiation environmental parameters have on 
the effects of radiation, including test results for 
many materials and applications of the findings to 
design problems. 


An X-Ray Diffraction Study of Irradiated 
Molybdenum. D. L. Gray and W. V. Cum- 
mings, Jr. Acta Metallurgica, July, 1960, pp. 
446-452. Investigation of the changes in the 
lattice parameter, X-ray line width, and micro- 
hardness of commercial molybdenum which were 
observed after irradiation at 35 + 5°C. to various 
total fast neutron exposures from 6.5 X 10! to 
1.2 X 102° nvt (neutron per cm.?). These effects 
are discussed from the standpoint of some re- 
covery reactions which may occur in the reactor 
during irradiation. 


Parachutes 


The Minimum Parachute Size and Maximum 
Towing Speed in Relation to Strop Characteristics. 
. W. H. Stevens. Gt. Brit., RAE TN Mech. 
Eng. 311, Jan., 1960. 10 pp. 


Photography 


The Limiting Detectivity of Optical Amplifying 
Equipment. R. K. H. Gebel and Lee Devol. 
USAF WADC TN 59-405, Dec., 1959. 22 pp. 
28 refs. Comparative investigation of the limits 
in the ability to detect very faint stars in the 
presence of the sky background by conventional 
photography and by employing optical amplifica- 
tion. Equations are developed which show the 
effects of the different variables involved for three 
types of imaging systems: the conventional photo- 
graphic system, the image-converter, and the 
closed-circuit television type of optical amplifier. 

Interference Comparators for Coordinate 
Measurement of Ballistic Plates. A. Chitayat. 
(SPSE Annual Conf., Santa Monica, May 9, 
1960.) Photographic Sci. & Eng., Sept.-Oct., 
1960, pp. 249-253. USAF-supported discussion 
of the requirements, design criteria, and limita- 
tions of interference comparators for coordinate 
measurement of ballistic plates, including mono- 
chromatic light sources, signal-to-noise and maxi- 
mum travel considerations, rates of read-out 
attainable, direction sensing methods, and means 
of automatic read-out. A semiautomatic read- 
out mechanism is described. 


Physics 


The Measurement of the Vapor Pressure of 
Atomic Species From Spectrometric Measure- 
ments of the Absorption of the Resonance Line. 
IlI—The Thermodynamics of Vaporization of 
Sodium From Sodium Silicate Glasses. G. L. 
Vidale. G-E MSVD SSL TIS R60SD390, June, 
1960. 31 pp. 20refs. USAF-supported study. 

The Measurements of the Vapor Pressure of 
Atomic Species from Spectrophotometric Meas- 
urements of the Absorption of the Resonance 
Lines. IV—Standard Enthalpy of Formation of 
Silicon Carbide, and Oscillator Strength of the 
Silicon 2516 Line. G. L. Vidale. G-E MSVD 
SSL TIS R60SD333, July, 1960. 38 pp. 21 
refs. USAF-supported research. 

Measurement of the Absorption of Resonance 
Lines. I—Test of Method on Vapor Pressure of 
Sodium. Appendix I—Effect of the Finite Width 
of Line From Source. Appendix II—The Effect 
of Pressure Shift. G. L. Vidale. G-E MSVD 
SSL TIS R60S D330, May, 1960. 43 pp. 20 
refs. USAF-supported research. 


Measurement of the Absorption of Resonance 
Lines. II—Oscillator Strength of the 
Line. G. L. Vidale. G-E MSVD SSL TIS 
R60S D331, May, 1960. 26 pp. 10refs. USAF- 
supported research. 


Shock-Tube Measurements of the f-Number for 
the (0,0)-Band of the OH *>— II Transitions. 
M. Lapp. CIT Guggenheim Jet Propulsion Cen. 
(AFOSR TN 60-666), May, 1960. 44 pp. 

rets. 


Vibrational Relaxation in Cylindrical Chambers 
Containing Isothermal, Dilute Gas Mixtures. 
S. S. Penner, D. Olfe, and T. A. Jacobs. CIT 
Guggenheim Jet Propulsion Cen. TN 13 (AFOSR 
TN 60-668), May, 1960. 13 pp. 10 refs. 
Study of the rate of excitation in an external radia- 
tion held and the subsequent rate of deexcitation 
when the external radiation field is removed. 


Infrared Spectral Emissivities and Internal 


Energy Distributions of Carbon Dioxide and 
Water Vapor at High Temperatures. R. H. 
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j CAFCRC TR 60-203), 
Dec., 1959. 98 pp. 
A Method for the Obeervation of the Infrared 
a of High Temperature Vapors by Matrix 
I—The Infrared — of Lithium 


TIS R60S D387, June, 
supported research. 
Exploding Wires Likely to Find Many Uses. 
i Space / Aeronautics, Sept., 1960, 
Discussion of techniques used in ex- R.A hep 
ploding wires and of possible future applications, 
including welding, materials research, propulsion, 
and hypersonic-particle research. 


J 

(AFCRC TR 60-275), May 30, 1960. 22 pp. 
Investigation a the screening properties 
be a degenerate electron gas, with emphasis 
placed on the physical conditions to be found in 
white dwarf stars. In particular, the effect of 
nuclear reaction rates is considered. 


Photometry of the Moon. 


of photometric techniques as applied to the study 
of the lunar surface. 

tion of the Heights o ountains on the Moon 2 

Astr. da! 1 (AFCRC TN 59- 411), 


Studies in IIl—Techniques 
of Photographic Determination of Lunar Moun- Astr. Sta. Sci. Rep. 14 (AFCRC TN 59-459), 
tains, With —— to the Region of Theo- 


Clark U. 
2 (AFCRC. TN 59-611), June, 1959. 


in Lunar Topography. IlI—Errors 
ieee in the Photographic Determination of 
Heights and a Preliminary Study of the Region of 
Ptolemaeus and Alphonsus. 


59-612), June, 1959. 


The Inner Solar Corona During June 1959. print. 
W. Curtis, D. K. W 
(Nature, Oct. 24, 1959, 


G. A. Newkirk, G. 
and J. Shelby. 
U. Col. HAO Sci. 
445), June, 1960. 


On the Structure of the Sunspot Zone. Bar- 

(Smithsonian Contributions to Astro- 
j . 17-28.) Harvard U. A. 

i. Rep. 6 (AFCRC TN 60- 1959, pp. 16-18.) Harvard U. 

. 10refs. Reprint. 


The Excitation of He I in the Solar Spectrum. 
R. G. te and H. R. Johnson. (Astrophys. J., 


4 pp. Reprint. 


2 (AFCRC TM 60- 447), June, 1960. 16 pp. 


The International Geophysical Year Meetin; 


Conference. 
Conferences. 
CSAGI ee Conferences. JGY Ann., 

’, VI, VII, VIII, 1959. 318 pp. 


nemes Work at the University of Saskatchewan 
Night Sky Spectra. D. M. 


: Sask. U. Phys. Dept. Sci .Rep. BR-12 
aga TN ae [AD 152544], 1960. 8 pp. 


iain Wave Propagation in the Iono- 
Phys., Nos. 2/3, June, 1960, pp. 135-146. 26 
Presentation of the dispersion equation of 
hydromagnetic waves, including the effects of 
collisions, derived for an arbitrary angle between 
the direction of propagation and the direction of Nos. 2/3, June, 1960, pp. 89-100. 23 refs. 
a primary magnetic field. 
general dispersion equation are considered and ex- 
pressions for the dissipated power are derived. 


Electron Distribution in the F-Layer of the 
Ionosphere Over Haringhata (Calcutta) on Quiet 
and Disturbed Days. P. Bandyopadhyay. J. 


Atmos. & Terrestrial Phys., 


Low-Altitude Testin 
Experiment for Upper 


of the Rocket-Grenade 
tmosphere Temperatures 
R. F. Stebbings, G. V. Groves, 
. F. Boyd, and P. J. Bowen. J. Atmos. & 
; 2/3, June, 1960, pp. 
Discussion of tenth-scale tests using 
antiaircraft shells to simulate grenades which 
were conducted as a preliminary to the British 
series of rocket-grenade experiments for deter- 
mining upper atmosphere temperatures and winds. 1113. 35 refs. Study of the current distri- 
The objects of these trials were to test the wide- 
spread array of ground equipment under field 
conditions and to check a method of data reduc- 
tion by comparing the computed temperature 
and wind results with radio-sonde balloon data. 


The Upper Atmosphere & Outer Space. I— 
Densities Temperatures & Concentrations of At- 
mospheric Constituents from 5a to 1000km. S. 
B. Mathur and A. P. Mitra. 
Sect. A-Gen., July, 1960, pp. 311-317. 16 refs. 


Diurnal Variations of Density and Scale 
Height in the Upper Atmosphere. J. S. Green- 
how and J. E. Hall. J. Atmos. & Terrestrial 
Phys., Nos. 2/3, June, 1960, pp. 203-214. 14 
refs. USAF-supported presentation of results 
achieved with a radio-echo meteor technique 
G-E MSVD SSL which has been used to investigate atmospheric 

USAF- density and scale-height variations between alti- 

‘ tudes of 85 and 105 km 

Further Evidence for a Variation in the Rate 
of Dense Extensive Air Showers with Solar 


Warner & Swasey 


14 ‘Ppp. 


. A. Reid. (P Rev Jan 15, 1959, 

U. SAF OSR TN 50-897 (ip? 25631}, 
1960. 2 pp. 10 refs. Reprint. 

Calcium and Oxygen in the Twilight Airglow. 
A. V. Jones. (Ann. Géophys., Apr.-June, 1958, 
pp. 179-185.) Sask. U. Phys. Dept. Sci. Rep. 
BR-11 (AFCRC TN 58-295) [AD 152543], 1960. 


in Dense Degenerate 7 pp. llrefs. Reprint 


Brandeis U. Final Cosmic Examples of Heat Conduction in Very 


Rare Rotating or Expanding Gases. Sydney 
Chapman. (Ann. Géophys., Oct.-Dec., 1959, 
pp. 434-444.) U.Col HAO Sci. Rep. 25 (AFCRC 
TN 60-450), June, 1960. 11 pp. Secrlet. 

Investigations of the Meinel N:* Bands in the 
Aurora in the 1.0 to 2.0u Region. A. W. Har- 
rison. Sask. U. Phys. Dept. Sci. Rep. BR-9 
(AFCRC TN 58-293) [AD 152541], Mar., 1958. 
ll pp. 1l5refs. 


A Model of the Chromosphere 4a") Radio and 
Optical Data. R.G. Athay. U. Col. HAO Sci. 


Otto Struve. Sky 
. 70-73. Discussion 


pp. 15 refs. Reprint. 

Solar Radio Interference at 125, 200, 425, 
550 Mc/s. A. Maxwell, W. E. Howard, III, 
and G. Garmire. Harvard U. HCO Radio 


July, 1959. 78pp. 48 refs 

Duaperereghy With Special Application to the 
Moo: C. Ingrao and D. H. Menzel. Har- 
vard U. HCO Sci. Rep. 4 (AFCRC TN 60-469), 
June 15, 1960. 41 pp. 31 refs. 

Solar Radio Bursts and Low-Energy Cosmic- 

ys. A. R. Thompson and A. Maxwell. 
(Nature, Jan. 9, 1960, pp. 89, 90.) Harvard 


Manchester Dept. 


Geoffrey Turner. 


. TSN 3 (AFCRC TN U. HCO Radio Astr. Sta. Sci. Rep. 19 (AFGRD 


TN 60-276), Apr., 1960. 3 pp. 10 refs. Re- 


atson, R. The Angular Size of Short-Lived Solar Radio 
Disturbances. S. J. Goldstein, Jr. (Astrophys. 
Rep. 20 (AFCRC J., Sept., 1959, pp. 393-399!) Harvard U. 
HCO Radio Astr. Sta. Sci. Rep. 15 (AFCRC TN 
60-202), Jan., 1960. 7 pp. Reprint. 
Solar Radio Astronomy at Fort Davis, Texas. 
R. Thompson. (JGY Bul., - 29, Nov., 


Astr. Sta. Sci. Rep. 20 (AFCRC TN 60-429), 
June, 1960. 3 pp. Reprint. 


Cosmic Radiation (The Fifty-First Kelvin 
Lecture). C. F. Powell. (JEE Paper 3301.) 
IEE Proc., Pt. B, Sept., 1960, pp. 389-394. Dis- 
cussion of techniques used to investigate the 
characteristics of cosmic radiation. The ques- 
tions of the origin, incidence, and composition of 
the radiation are examined. 


An Approach to a Theory of Gravitation. 


U. Col. HAO Sci. 


Antarctic Conferences. awit Peter Rastall. Can. J. Phys., Aug., 1960, 
i VII—The pp. 975-982. Discussion covering the derivation 
VliI—The of the form of the space-time metric without the 


use of field equations. Expressions are presented 
for the gravitational red shift, the perihelion 
motion of a planet, and the bending of light by 
the sun. It is shown under what conditions the 
present hypothesis is compatible with obser- 
vations. 


Equatorial Ionospheric Effects. T. W. Ben- 
nington. Wireless World, Oct., 1960, pp. 501- 
506. Investigation of the “‘tropical sunset effect,”’ 
including the incidence, cause, and connection 
with magnetic disturbances, sunspot number, 
and ionospheric phenomena. 


The Equatorial F-Region of the Ionosphere. 
R. A. Duncan. J. Atmos. & Terrestrial Phys., 


Apr.-June, 1958, pp. 


Atmos. & Terrestrial 


Comparative examination of data from _ iono- 
spheric sounders at Chimbote (at the equator) 
and Panama (in the subtropics) showing that 
afternoon critical frequencies in the equatorial 
zone are negatively correlated with those of the 
same meridian in the subtropical belts. Martyn’s 
suggestion that ionization is transported from 
the equatorial zone to the subtropics is investi- 
gated quantitatively. 


The Size of the Moving Irregularities in the 
F-Region and the Spread Angle of the Radio 
Waves Scattered From Them. S. R. Khastigir 
and R. N. Singh. J. Atmos. & Terrestrial Phys., 
Nos. 2/3, June, 1960, pp. 123-126. 


A Theory of Ionospheric Currents Associated 
with Aurorae. I, II. ; . Weaver and R. 
Skinner. Can. J. Phys., Aug., 1960, pp. 1089- 


Special cases of the 


Nos. 2/3, June, 1960, 


butions induced by dynamo action in a sheet of 
partially ionized gas moving with uniform 
velocity across a perpendicular magnetic field, 
derived for the case of gas containing an ellip- 
tical region of ionization density. The results 
are discussed in relationship to conditions occur- 
ring in the ionosphere when a long homogeneous 
auroral arc is present. 


The Geographical Distribution of Ionization in 
the F2-Layer. C. M. Minnis and G. H. Baz- 


J. Sci. & Ind. Res., 
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zard. J. Atmos. & Terrestrial Phys., Nos. 2/3 
June, 1960, pp. 181-183. 


Equilibrium Electron Distributions in the 
Ionospheric F2-Layer. H. Rishbeth and D. w 
Barron. J. Atmos. & Terrestrial Phys.. Nos 
2/3, June, 1960, pp. 234-252. 15 refs. Study 
of the factors which govern the F2-peak of elec. 
tron density. An electronic computer his been 
used to solve the relevant equations for conditions 
of equilibrium, such as may be approached in the 
daytime F-region. 


Diurnal Variation of the Electron Distribution 
in the Tonospheric E-Layer. B. J. Robinson. 
J. Atmos. & Terrestrial Phys., Nos. 2/3, June 
1960, pp. 215-233. 47 refs. 7 


Incoherency of Pulse Echoes and the Measure- 
ment of Ionospheric Absorption. J. Tauben. 
heim. J. Atmos. & Terrestrial Phys., Nos. 2/3, 
June, 1960, pp. 147-151. Presentatio m of a 
method of determining the error in absorption 
value, resulting from the incoherently scattered 
energy in the HF pulse echoes from the ionosphere, 
when the absorption value is obtained from the 
median echo amplitude. 


On the Ionospheric Heating by Hydromag- 
netic Waves Connected With eomagnetic 
Micropulsations. Syun-Ichi Akasofu. ‘ Atmos. 
& Terrestrial Phys., Nos. 2/3, June, 1960, pp, 
160-173. 17 refs. Study of the energy disgj- 
pation process of the hydromagnetic waves in the 
ionosphere. It is shown that their heat produc. 
tion and the resulting increase in temperature 
are negligible. 


Optics 


General Research in Diffraction Theory. N. 
A. Logan. Lockheed Aircraft Missiles & Space 
Div., vol. I, TR Phys. Electronics LMSD 288087, 
Dec., 1959. 345 pp. 92 refs. Study involving 
generalization of ray-tracing techniques of geo. 
metrical optics, accomplished by the introduction 
of a class of universal functions, which can be 
used to predict the amplitude and phase of an 
electromagnetic wave reflected or diffracted by a 
convex metallic surface. 


Research on Aerosol Scattering in the In- 
frared—Mie Scattering in the Forward Area. 
R. Penndorf. Avco Res. & Adv. Devel. Div. Sci 
Rep. 2, RAD TR 60-10 (AFCRC TN 60-285), 
Feb., 1960. 86 pp. 18 refs. Analysis of light 
scattering using the basic Mie formulas. 


Power Plants 


La Propulsione alle Elevatissime Velocita in 
Aviazione. Mario Medici. (16th Natl. Aero 
Congr., Pisa, Oct. 5-8, 1959.) L’ Aerotecnica, 
Feb., i960, pp. 3-7. In Italian. Survey of the 
development in the field of aircraft propulsion 
achieved over the period of 50 years from the 
beginning of mechanical flight, including a general 
discussion of problems connected with high-speed 
propulsion. 


Impiego dello Statoreattore e dell’Endoreat- 
tore nelle Grandi Percorrenze. Licio Giorgieri 
(16th Natl. Aero. Congr., Pisa, Oct. 5-8, 1959.) 
L’ Aerotecnica, Feb., 1960, pp. 34-38. In Italian. 
Presentation of a method for comparing the 
advantages of using either ballistic or aerodynamic 
lift in long-range vehicles. The application of 
ram-jets, in particular the steady-state detonative 
combustion engines, is evaluated against that of 
rocket engines. 


Plasma Engine Holds Great Promise for 
Space Travel. S. W. Kash. (SAE Summer 
Meeting, Chicago, June 5-10, 1960, Preprint 
185B.) SAE J., Oct., 1960, pp. 50-52. 


Astronautical Propulsion and Power Conver- 
sion Systems. The Engr., Aug. 5, 1960, pp. 
257, 258. Discussion of the development and 
design work done at Goodrich-High Voltage 
Astronautics, Inc., including the duoplasmatron 
ion thrust unit, problems in ion engine design, 
and expected performance and efficiency to be 
achieved by ion or colloid propulsion methods 


Jet & Turbine 


Zésady Regulance Turbovrtulovgch Motori. 
Josef Salaba. Zpravodaj VZLU, No. 4, 1959, 
pp. 37-45. In Czech. Study of the principles 
of turbojet engine control, including a classificay 
tion and discussion of turbojet engine types ac’ 
cording to the turbine layout, discussion of the 
possible methods of turbojet engine control, and 
determination of the most suitable control 
method. 3 


Progress Report on General Electric’s T64 
Gas Turbine Engine. G. E. Behlmer. AHS 
Newsletter, Aug., 1960, pp. 2-7. Presentation of 
the performance characteristics, types of applica- 
tion, test programs, and maintenance features of 
the T64 aircraft gas turbine engine. 


Olympus Progress. Bristol Siddeley J., Sum- 
mer, 1960, pp. 96-99. Presentation of the de- 
velopmental history of the Olympus B.01.2! 
high-thrust turbojet engine. 

The Allison T63 Gas Turbine Rosine. J. E. 
Knott. AHS Newsletter, Sept., 1960, 2-6. 
Survey of the design and perform: ance gon 
teristics of a 250 horsepower free turbine engine 
for light fixed and rotating wing aircraft. 
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Jet and Turbofan Performance Compared. 
s. M. Taylor and C. B. Brame. (SAE Nail. 
Aero. Meeting, New York, Apr. 5-8, 1960, Pre- 
print 172A.) AE J., Aug., 1960, pp. 48, 49. 

Un Metodo per la Ricerca della Spinta in Volo. 
Michele Cassetti. L’Aerotecnica, Dec., 1959, 
pp. 308-315. In Italian. Development of a 
method for determining thrust in flight. based 
on the study of the effects rather than on the direct 
parameters of thrust. 


T-33 Starting Procedures. L. C. Setter and 
N. J. Hanks. USAF FTC TN 60-2, May, 1960. 
91 pp. 

Simulated Flight Testing of a Cowled Turbo- 
jet Engine by Use of an Exhaust Ejector. J.C. 
Armstrong, R. W. Flados, and W. T. McKenzie. 
Aerospace Engrg., Nov., 1960, pp. 16, 17, 52- 
56 (ff.). Presentation of a simple, inexpensive 
method of testing jet engines and calibrating 
flight-test instrumentation at simulated flight 
conditions. 


Ram-Jet & Pulse-Jet 


Le Possibilita dell’Autoreattore nella Pro- 
pulsione alle Altissime Velocita. Lodovico Pas- 
cucci. (16th Natl. Aero. Congr., Pisa, Oct. 5-8, 
1959.) L’Aerotecnica, Feb., 1960, pp. 39-46. 
In Italian. Survey of the possibilities and struc- 
tural features of hypersonic ram-jets and calcu- 
lation of their performance using special thermo- 
dynamic diagrams for combustion gases in chemi- 
cal equilibrium. The use of the chemical energy 
of fuel is also considered. 


Combustion Performance Characteristics of a 
Laboratory Subsonic Ram-Jet. L. A. Povinelli. 
RAeS J., Sept., 1960, pp. 564-566. 


Reciprocating 


Ignition Peak Voltage Measurements. SAE 
AIR 84A, June 15, 1960. 12 pp. 


Rocket 


Acoustic Instability in Solid Fuel Rockets. 
F. T. McGlure, R. W. Hart, and J. F. Bird. 
ARS J., Sept., 1960, pp. 908-910. 13 refs. 
Navy-supported discussion of certain aspects of 
oscillatory combustion including sources of oscil- 
latory energy, viscoelastic motion of the solid, 
and influences of erosion. 


Concerning the Analogy Between Combustion 
in a Detonation Wave and in a Rocket Engine 
Yu. N. Denisov, Ya. K. Trashin, and K. I 
Shchelkin. (AN SSSR Otd. Tekh. Nauk Izv. 
Energ. i Avtom., Nov.-Dec., 1959, pp. 79-89.) 
ARS J. Suppl., Sept., 1960, pp. 834-840. 17 
refs. Translation. Analysis of the overall com- 
bustion process in a rocket engine showing that the 
deflagration branch of the Hugoniot curve can be 
considered as the geometric locus of points, each 
of which corresponds uniquely to a definite rate 
of heat evaluation (called ‘‘forcing’’ of the com- 
bustion mode) in the rocket engine chamber. It 
is shown that this process is unstable in a high 
output chamber, and a criterion of the instability 
is derived. 


Rocket Engines and Their Design Problems. 
Bristol Siddeley J., Summer, 1960, pp. 79-83. 
Discussion of the various rocket engine fuels; 
the principles of a rocket engine; and combustion 
chamber cooling, control, and other design 
problems. 


Production 


Application of the Electronic and True Anom- 
alies of the Ellipse to Isometic and Axometric 
Projection. C. F. Trigg. IME Proc., No. 31, 
1959, pp. 747-754; Communications, pp. 754— 
757; Author’s Reply, pp. 758-760. 12 refs. 


Metalworking 


Special Issue: A Review of Metai-Processing 
literature. (ASME Prod. Eng. Conf., Mil- 
waukee, May 17-19, 1960.) Mech. Eng., Sept., 
1960, pp. 67-74. 110 refs. Partial Contents: 
Metal Cutting, J. S. Campbell, S. Kobayashi, 
J. M. Galimberti, R. S. Hahn, and E. G. Thom- 
sen. Plastic Working, F. W. Boulger. Cutting 
Fluids, P. A. Smith, E. L. H. Bastian, and C. A. 
Sluhan. Grinding, George Reichenbach. 


Precision Casting. Bristol Siddeley J., Sum- 
mer, 1960, pp. 84-87. Detailed description of the 
investment casting (“lost wax’) process capable 
of reproducing accuracies of within +0.005 in. 
in the manufacture of complicated high-tem- 
erature gas turbine components. 


Contribution to the Problem of Cold and Hot 

Inrdening on the Basis of Thermoelectric 
vestigations. A. Durer and W. Koester. 
(Zeitschrift Met., No. 9, 1938, pp. 311-319.) 
t. Brit, MA TIL/T5036, Mar., 1960. 16 
Pp. 19 refs. ‘Translation. 


an Note on the Brazing of Aluminium and Its 
Wane With Air/Propane. P. F. Woods. Brit. 
tent J., Aug., 1960, pp. 489, 490. Presen- 
— of a method of overcoming difficulties in the 
ame brazing of thin aluminum alloys by the use 


of a propane-air t " i ication i 
illusteated, orch. A typical application is 


Beryllium Joining RAD Sponsored Program. 
J. B. Cohen. USAF WADC TR 59-695, Pt. I, 
Apr., 1960. 39 pp. 23 refs. Presentation of new 
brazing techniques for joining beryllium to it- 
self. A Be-20 a/o Ag brazing alloy developed 
under this program is shown to yield joint 
strengths at room temperature at 60 per cent 
(30,000 psi) ot that of the base metal. 


Production Engineering 


Na Zavér k Ekonomickym Rozborim Static- 
kych Pevnostnich ZkouSek Letadlovfch Kon- 
strukci. Jan Drexler. Zpravodaj VZLU, No. 4, 
1959, pp. 15-20. In Czech. Discussion of the 
acceptance test for the time cost estimate tech- 
nique in a series structural airframe testing pro- 
gram, including the statistical procedure of the 
test and a numerical illustrative example. The 
determination of categories of work conditions in 
a given testing program and the calculation of thé 
corresponding average time reserves are studied 
and illustrated by a numerical example. 


Propellers 


Optimalni Vrtule. Jan Sladek. Zpravodaj 
VZLU, No. 4, 1959, pp. 21-27. In Czech. 
Discussion of problems in optimum propeller 
design, including the effect of the basic parameters 
on propeller performance, and a simple approxi- 
mate method of calculating geometric and aero- 
dynamic propeller design characteristics that 
utilizes the basic relations of Zhukovsky’s air- 
screw turbulence theory. 


Experimentalni Zpisoby Zkoumani Dynamiky 
Vrtule. Zdenék Hujetek. Zpravodaj VZLU, 
No. 4, 1959, pp. 29-35. In Czech. Discussion 
of experimental methods of propeller dynamics 
investigations used in the development of variable- 
pitch metal propellers. A method is presented 
for the determination of rotational factors of 
higher orders of inherent blade oscillations. 


Reliability 


Cost of Reliability. B.I. Funk. IJnd. Quality 
Control, Sept., 1960, pp. 31-33. Discussion of the 
meaning of the term “reliability’’ and of con- 
siderations in planning and budgeting for relia- 
bility. 

A Vendor Rating System for Material of Any 
Complexity. L. E. Gray. Ind. Quality Control, 
Sept., 1960, pp. 26, 27, 30. Presentation of an 
accurate, simple, economic, informative, and 
adaptable vendor-rating system developed by a 
company whose products are small quantities of 
high-quality electronic and precision electro- 
mechanical equipment. 


Research, Research Facilities 


Projectile Telemetry With Microwaves. W. 
M. Kendrick and L. Peters. Electronics, 
Sept. 16, 1960, pp. 68-71. Discussion of a method 
for determining projectile acceleration during 
firing by aiming an externally generated micro- 
wave signal down the gun barrel and reflecting it 
back by a special head on the projectile. The 
reflected signal contains the acceleration data. 


Dependability for Decades. A. H. Abernathy, 
Jr. Ettvironmental Quart., July, 1960, pp. 29, 30. 
Presentation of considerations in the design and 
building of environmental tests chambers. 


Halting Resonance Tests at Failure. Donald 
McCluskey. Environmental Quart., July, 1960, 
pp. 12-14. Presentation of a simple method of 
stopping a single frequency fatigue test, run at 
resonant frequencies, at the moment of failure. 
Prevention of damage to expensive equipment is 
one of its advantages. 


Taking the Guesswork Out of Environmental 
Testing. H.K.Growald. Environmental Quart., 
July, 1960, pp. 16-18. Presentation of the factors 
to be considered in design for a specified environ- 
ment and in environmental simulation. 


Earth Station for Space Men. E. A. Herron. 
Skyline, No. 3, 1960, pp. 48-55. Description of 
Los Angeles Division’s El Segundo Laboratory 
and its facilities, including also the performance 
of its 500-ton environmental chamber. 


The Properties of Recurrent-Event Processes. 
W. S. Jewell. Oper. Res., July-Aug., 1960, pp. 
446-472. 18 refs. Army-supported investiga- 
tion of the relation between the distribution of 
(1) the spacings between the events, and (2) 
the cumulative number of events that occur in a 
given time interval. 


Wind Tunnels 


Initial Calibration of the Hypercore Installa- 
tion at M = 7.6. J. A.F. Hill. MIT NSLTR 
437, Mar., 1960. 28 pp. Presentation of the 
Mach number and stagnation temperature dis- 
tributions obtained in the calibration of a 12-in.- 
diam., Mach 7.6 nozzle. Model blockage limits 
are given for axisymmetric models at zero yaw 
and for low-aspect-ratio wings at large angles of 
attack. Brief descriptions are also given of the 
(unconventional) tunnel circuit and the nozzle 
design and fabrication processes. 


Authoritative books for engineers 


NONDESTRUCTIVE 
TESTING 
HANDBOOK 


This pioneering Handbook presents 
all the means of testing the essential 
properties and performance ¢apabilities 
of materials, parts, components; and 
structures without impairing service- 
ability. 


Explains and illustrates applications, advan- 
tages, limitations of 24 different test methods 
applicable in every branch of engineering and 
industry. Specifications, equipment costs, hun- 
dreds of pages of test interpretation data. 
Prepared under the auspices of the Society for 
Nondestructive Testing. illustrations, 
graphs, tables; 1,910 pp. 106 Contributing, 
Consulting Editors. Robert C. McMaster, Ed. 
October, 1959. 2 volumes, $24 


PRODUCTION 
HANDBOOK 


Packed with practical production know- 
how, this Handbook is the complete 


key to management-engineering 
methods that are revolutionizing industrial 
production today. Fully covers new materials, 
machines, processes, and proper functioning 
of company organization. 


Supplies proved principles, time- and work- 
saving systems, and successful operating pro- 
cedures for maximum productivity at mini- 
mum cost. Saves hours of research and costly 
experimentation. 726 illustrations, _tables; 
1,726 pp. 48 Contributing, Consulting Editors. 
Gordon B. Carson, Ed. 2nd Ed., 1958. $16 


MATERIALS 
HANDLING 
HANDBOOK 


The complete guide to modern mate- 
rials handling. This unique Handbook 
explains the governing principles, 
today’s most efficient methods and systems, 
and recommended equipment for moving 
material at least cost — whether in raw, in- 
process, or finished form. 


Useful in all industrial situations, Handbook 
answers every basic question of work flow 
within and outside the plant. Sponsored by 
The American Society of Mechanical Engi- 
neers and the American Material Handling 
Society. 991 illustrations, tables; 1,740 pp. 
84 Contributing, Consulting Editors. Harold 
A. Bolz, Ed.; George E. Hagemann, Assoc. 
Ed. 1958. $20 


USE THIS COUPON 
TO ORDER HAND- 
BOOKS OR FREE 
DESCRIPTIVE 
BROCHURE 


Please send books checked below: 


0 Nondestructive Testing Handbook, 

O Production Handbook, 2nd Ed., Carson .... 18 
O Materials Handling Handbook, 

0 Please send free Descriptive Brochure on the 
above Handbooks. 


~ Check enclosed Send C.O.D. 
Bill firm Charge my account 


Firm 
Ordered by 


ASE S 


City. Zone__State 
THE RONALD PRESS COMPANY 


15 East 26th St.,-New York 10 
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Sul Calcolo di Ugelli Bidimensionali per Gallerie 
Supersoniche. Silvio Nocilla. (16th Natl. Aero. 
Coner., Pisa, Oct. 6-12, 1959.) Aerotecnica, 
Nov., 1959, pp. 232-238. 15 refs. In Italian. 
Development of a general procedure for the 
design of two-dimensional nozzles used in super- 
sonic wind tunnels. The method is then applied 
to the numerical determination of three dif- 
ferent nozzle types. 

An Experimental Investigation of the Effect of 
Wind Tunnel Walls on the Aerodynamic Per- 
formance of a Helicopter Rotor. V. M. Ganzer 
and W. H. Rae, Jr. U.S., NASA TN D-415, 
May, 1960. OTS, $1.00 35 pp. Experimen- 
tal determination of the range of advance ratio 
and blade angle in which wind tunnel wall cor- 
rections, as developed for wings, might be used for 
helicopter rotors. 

Visualizacién de Fenémenos Aerodinamicos a 
Bajas Velocidades. Ignacio Da-Riva, Amable 
Lifian, and J. G. Siso. Ing. Aero. & Astron., 
Mar. -Apr., 1960, pp. 25-36. In Spanish. De- 
scription of flow-visualization studies made in a 
low-turbulence wind tunnel by means of smoke 
injection. The smoke-generating system, the 
type of models used, and the resuits obtained are 
evaluated. 


A 450J Spark Discharge for Shadowgraph 
Photography. L. Whitlow. J. Sci. Instr., 
Aug., 1960, pp. 259, 260. Discussion of the 
design and construction of a suitable spark gap 
for shadowgraph photography of jet engines in 
altitude test cells. 

Further Comments on High-Lift Testing in 
Wind Tunnels with Particular Reference to 
Jet-Blowing Models. Appendix I—Some Gen- 
eral Remarks on the Choice of Air-Feed Con- 
nectors. Appendix I1—Details of ‘‘Four-Faced’’ 
Air-Bearing Connector for R.A.E. Complete- 
Model Rig. Appendix III—A Jet-Path Visuali- 
sation Technique. S. F. J. Butler and J. Wil- 
liams. (NATO AGARD Wind-Tunnel Panel 
Meeting, Brussels, Mar., 1959.) Aero. Quart., 
Aug., 1960, pp. 285-308. 12 refs. Description 
of a special technique for six-component measure- 
ments on complete models with jet blowing. Fur- 
ther remarks are made about recent development 
on tunnel-wall interference, test rigs and methods 
of minimizing constraints from air-feeds to models, 
and on general test and model design techniques. 


Rotating Wing Aircraft, Helicopters 


The H-23D/12E Kit System for Broadened 
Operational Effectiveness Within the Present 
Logistic Structure. Hiller Aircraft Eng. Div. 
Eng. Rep. 60-29, Mar., 1960. 12 pp.  Descrip- 
tion of design changes to the basic helicopter 
series, including jet engines, new list of acces- 
sories, instruments, and enlarged cabins. 

La Turbine & Gaz en Tant que Servomoteur 
de Puissance Incorporée au Systeme de Com- 
mande et de Pilotage d’un Hélicoptére. A. W. 
Morley. Tech. & Sci. Aéronautiques, Jan.-Feb., 
1960, pp. 43-53. In French. Discussion of 
important aspects of a helicopter design incorpo- 
rating a gas turbine as a servomotor embodied in 
the control system. 

Qualitative Flight Evaluation of the Sperry 
Helicopter rae Speed Controller. P. J. 
Balfe. USAF FTC TN 60-26, July, 1960. °8 
PP. 


A Note on the Mean Value of Induced Velocity 
for a Helicopter Rotor. H. H. Heyson. U.S., 
NASA TN D-240, May, 1960. 26 pp. OTS, 
$0.75. Analysis yielding the exact equivalence of 
momentum and vortex theory in the determina- 
tion of the induced velocity at the rotor regardless 
whether terms involving the sine of the azimuth 
angle are included in the blade circulation. 


Unele Probleme ale Calculului de Rezistentd a 
Palei Rotorului de Elicopter. B. Kain. Rev. 
Transp., June, 1960 pp. 274-278. 10 refs. In 
Rumanian. Evaluation of some problems con- 
nected with the strength calculation of helicopter 
rotor blades. 


Asupra Vitezei Unghiulare de Rezonanta a 
Palelor Articulate ale Rotoarelor de Elicopter. 
Al. Marinescu. Stud. Cerc. Mec. Aplic., No. 4, 
1959, pp. 1051-1058. In Rumanian, with sum- 
maries in Russian and French. Study of the 
forced vibrations, in the vertical plane, of hinged 
helicopter rotor blades and derivation of an 
explicit formula for determining the angular 
velocity at resonance. 


Ground Effect for Lifting Rotors in Forward 
Flight. H.H.Heyson. U.S., NASA TN D-234, 
May, 1960. 14 pp. OTS, $0.50. Analysis 
showing that, for rotors, ground effect decreases 
rapidly with increases in either height above the 
ground or forward speed. 


Flight Measurements of the Effects of Blade Out 


of Track on the Vibration Levels on a Tandem 
Rotor RG AT L. H. Ludi and J. E. Yeates, 


SA TN D-364, May, 1960. *26 pp. 
OTS, $0.75. Presentation of some results which 


show how the vibration level changes because of 
one blade on the front rotor being out of track for 
a range of out-of-track values. 


Safety 


Radio Collision-Avoidance Systems for Air- 
craft. R. T. Fitzgerald, H. C. Brown, and M. 
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D. Reed. IRE Trans., ANE Ser., June, 1960, 
pp. 40-54. 10 refs. Comparative study of the 
technical requirements, feasibility, and cost of 
several cooperative radio systems for avoiding 
aircraft collisions. The system with the broadest 
potential application is selected and discussed. 

“Crash-Safe’’ Design Can Make Many Acci- 
dents Survivable. A. H. Hasbrook. Space/Aero- 
nautics, Sept., 1960, pp. 79, 80, 82, 87. Dis- 
cussion of a study relating eoibient severity, im- 
pact damage, impact speed, and impact angle to 
fatal and survived injuries suffered by 1,596 
people in 913 accidents. Emphasis is placed on 
the need for crash-safe design. 


Structures 


Utrata StatecznoSci Przez Znieksztatcenie 
Przekroju Poprzecznego Preta CienkoSciennego. 
Andrzej Chudzikiewicz. Rozprawy Inéyniersktie, 
No. 1, 1960, pp. 45-61. In Polish, with sum- 
maries in English and Russian. Investigation of 
the stability loss in a thin-walled bar with closed 
quadratic cross section, the walls of which buckle 
in their planes, the axis of the beam remaining 
rectilinear. 

High Temperature Structures. N. J. Hoff. 
Stanford U. Dept. Aero. Eng. SUDAER 79 
(AFOSR TN 60-383), June, 1958. 42 pp. 30 
refs. Presentation of new problems arising from 
aerodynamic heating which confront the airplane 
and missile structural designer and analyst. 


Bars & Rods 


Torsiunea Dinamica a Barelor Elastice cu 
Sectiune Constant&. M. Misicu. Stud. Cerc. 
Mec. Aplic., No. 4, 1959, pp. 1171-1208. 19 refs. 
In Rumanian, with summaries in Russian and 
French. (Also in Rev. Méc. Appl., No. 1, 1960, 
pp. 81-101.) Study of the problem of dynamic 
torsion in elastic bars of constant cross section. 

The Plastic Yielding of Double Notched Bars 
Due to Pure Bending. George Lianis. IJng- 
Arch., vol. 29, No. 1, 1960, pp. 55-72. Experi- 
mental and theoretical investigation of the prob- 
lem of plastic bending of notched bars, including 
an examination of the special cases of bars with 
rectangular, trapezoidal, and V-notches with 
circular fillets. 


Beams & Columns 


Gietne i Gietno-Skretne Wyboczenie Preta 
Ceowego o Odksztatcalnym Przekroju Poprzecz- 
nym. Andrzej Chudzikiewicz. Rozprawy Inzy- 
nterskie, No. 2, 1960, pp. 253-271. In Polish, 
with summaries in English and Russian. Inves- 
tigation showing that in typical cases, the in- 
fluence of the deformability of a channel’s cross- 
section on the critical force for flexural and 
flexural-torsional buckling is small, but in cross 
sections having flanges very rigid in comparison to 
the ‘‘vertical’’ element, it may be of practical im- 
portance. 

Idealized Columns. N. J. Hoff. Stanford U. 
Dept. Aero. Eng. SUDAER 82 (AFOSR TN 60- 
381), Aug., 1958. 23 pp. 18 refs. Presentation 
of graphic methods and simple analytic formulas 
for the determination of the quantities of greatest 
interest in the elastic, plastic, and creep buckling 
of columns. 


Wplyw OdksztaicalnoSci Przekroyu Poprzecz- 
nego Preta CienkoSciennego na Site Krytyczng 
Eulera. Andrzej Chudzikiewicz. Rozprawy 
Inzynierskie, No. 1, 1960, pp. 101-119. 12 refs. 
In Polish, with summaries in English and Russian. 
Analysis of the influence of deformability of the 
cross section on the Eulerian critical force of a 
thin-walled beam, assuming hinged end supports 
and rigid end diaphragms preventing the deforma- 
tion of the end cross sections, and using an itera- 
tion method for calculating the critical force. 


O Zastosowaniu Zasady Hamiltona do Wypro- 
wadzania Roéwnafii Drgafi Gietnych Belki z 
Uwzglednieniem Scinania. Zbyszko  Stojek. 
Rozprawy Inzynierskie, No. 2, 1960, pp. 201-210. 
In Polish with summaries in English and Russian. 
Application of the Hamiltonian principle to 
derive the differential equations for the free 
bending vibrations of beams in the general case. 
The result is a system of two differential equations 
for eigenfunctions which is then solved by the 
Galerkin method. 


Connections 


Teoria e Pratica nel Progetto delle Giunzioni 
Rivettate nelle Strutture Aeronautiche. Giu- 
seppe Gabrielli. (16th Natl. Aero. Congr., Pisa, 
Oct. 6-12, 1959.) L’Aerotecnica, Dec., 1959, pp. 
269-289. 16 refs. In Italian. Outline of the 
theory and practice in designing riveted joints for 
aeronautical structures 


Ricerca Sperimentale delle Sollecitazioni nelle 
Chiodature delle Strutture a Guscio Piane Irrigi- 
dite, Compresse Oltre il Carico Critico. Giorgio 
Bartolozzi. L’Aerotecnica, Nov., 1959, pp. 
219-231. 25 refs. In _ Italian. ” Experimental 
investigation of stresses in the rivets of sheet- 
seiner flat panels compressed beyond the critical 
oad 


Tests on Eccentrically Loaded Riveted Joints. 
A. J. Francis and G. L. Belcher. The Engr., 


December 1960 


July 29, 1960, pp. 177-181. 
failure on fifteen riveted joints in which ( 080-jp 
24ST Alclad aluminum alloy plates were . 
nected by a group of twenty-four 1/8-in -diam 


Discussion of tests to 


con- 


17ST rivets. The strengths obtained were, op 
the average, 55 per cent in excess of the strengths 
calculated by the usual procedure, for eccentric. 
ally loaded splices, but only 3.6 per cent below 
the strengths predicted by a theory which makes 
allowance for the development of plasticity jy 
plates and rivets. 


Cylinders & Shells 


Graphical Method for Determining Maximum 
Stresses in Ring-Stiffened Cylinders Unde; 
External Hydrostatic Pressure. M. A. Krenzke 
and R. D. Short. U.S., Navy Dept, Davi 
Model Basin SML R&D Rep. 1348 
10 pp. Presentation of a method 
facilitating the calculation of maximum stresses 
in a ring-stiffened cylinder as obtained from the 
analysis of Salerno and Pulos. 


Utilization of Similarity Considerations for the 
Improvement of the Convergence of a Process of 
Approximation Shell Analysis, 

V. Svirskii. (Prikl. Mat. i Mekh., Jan.-Feb. 
1960, pp. 134-143.) PM M—Appl. Vath. & 
Mech., No. 1, 1960, pp. 177-190. Translation. 

Nieliniowe Zagadnienie R6wnowagi Powloki » 
Postaci Wycinka Walcowego Poddanej Scinaniy j 
Obciagzeniu Normalnemu do Jej Powierzchni, 
Jerzy Leyko. Arch. Budowy Maszyn, No. 2 
1960, pp. 199-211. In Polish, with summaries jp 
English and Russian. Analysis considering the 
nonlinear problem of the equilibrium of the thin 
elastic shell in the form of the segment of a cir- 
cular cylinder simply supported on edges and sub- 
jected to shear and a normal load uniformly dis 
tributed on the whole surface. 


Elasticity & Plasticity 


A Theory of Small Deformations of Solid 
Bodies. J. F. Besseling. Stanford U. Dept 
Aero. Eng. SUDAER 84 (AFOSR TN 59-605 
[AD 217172], Feb., 1959. 104 pp. 42 refs 
Presentation of a theory capable of giving a 
mathematical description of the following phenom. 
ena observed in the deformation and heating of 
solid bodies: thermal stresses, thermoelastic 
damping of vibrations, dynamic and _ static 
moduli, Bauschinger effect and other anisotropic 
hardening phenomena in plastic deformation, pri- 
mary creep preceding the secondary stage of 
steady creep under constant stress, creep re- 
covery, and stress relaxation. 

Stress Waves in Solids. C. R. Cassity. J. 
Appl. Phys., Aug., 1960, pp. 1877-1381. Navy- 
supported discussion of several experimental tests 
dealing with the effects of stress waves initiated in 
solids by high explosives or by impacts. The 
tests indicate that stress waves which are initiated 
solely as compression commonly acquire tensile 
components which are not due to reflections. 


On the Properties of the Relations of the Law 
of Anisotropic Hardening of Plastic Material. 


D. D. Ivlev. (Prikl. Mat. i Mekh., Jan.-Feb 
1960, pp. 144-146.) PMM—Appl. Math. & 
Mech., No. 1, 1960, pp. 191-194. Translation 


Analysis showing that the Shield-Ziegler version 
of the anisotropic hardening body proposed by 
Ishlinskii and Prager leads to equations of the 
hyperbolic type, extending the quantitative fea- 
ture of the ideally plastic material to the case of 
hardening bodies. Relations corresponding to 
the plane state of strain, as well as to three-dimen 
sional problems, are considered. 


Plates 


On Reissner’s Theory of the Bending of 
Plates. A. L. Goldenveizer. (AN SSSR Ot 
Tekh. Nauk Izv., Apr., 1958, pp. 102-109. 
U.S., NASA TT F-27, May, 1960. 16 pp. OTS 
$0.50. Translation. Presentation of Reissner’s 
extension and improvement of the classica 
theory of bending of thin plates, which takes into 
account the transverse shearing of the plate and 
which predicts a certain edge effect in the imme- 
diate proximity of the boundary. 


Rozwiqzanie Ogélne Ptyty o Ksztaicie Tréykata 
Prostokatnego. Roman Solecki. Rozprawy /n%- 
nierskie, No. 2, 1960, pp. 293-322. In Polish 
with summaries in English and Russian. Preset 
tation of solutions arrived at by the method o! 
eigentransforms for problems of steady state V! 
bration, stability, and combined compressioa 
and bending of a plate resting on an elastic founds 
tion. Among the cases studied are the plate with 
the entire periphery clamped and the plate sup 
ported on the corners. 


Pasmo Tarczowe pod Wplywem Dzialanié 
Obcigzenia Zewnetrznego. Franciszek 


gowski. Rozprawy Inzynierskie, No. 1, 1960, pP 
83-91. In Polish, with summaries in E ‘nglish and 
Russian. Presentation of the solution for the 


problem of an isotropic plate strip subjected to# 
load on the upper and lower edges. 


Stresses Due to Temperature in 
Hollow Circular Plates. II. Marvin Fortra) 
and Malcolm Newman. J. Aerospace Sci., No’ 
1960, pp. 870, 871. Presentation of a solution 


with design curves for a hollow circular plate 
simply supported on the outer boundary, 4% 
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simply supported or clamped on the inner 
boundary. 

O Pewnym Zagadnieniu Quasi-Ustalonym 
Termosprezystcsci dla Tarczy Kotowej. Wtlady- 
staw Piechocki. Rozprawy Inzynierskie, No. 1, 
1960, pp. 93-100. In Polish, with summaries in 
English and Russian. Presentation of a solution 
for a circular dise subjected to time-variable heat 
sources and having free or clamped edges. 


Bemerkung zur vollstandigen Auswertung des 
Spannungszustandes in Platten mit Hilfe der 
Spannungsoptik. H. Bufler. IJng.-Arch., vol. 
299, No. 2, 1960, pp. 150-152. In German. 
Presentation of a method of evaluating stress con- 
ditions in plates by means of the photoelastic 
method. 


On the Transverse Flexure of a Semi-Infinite 
Plate With an Elliptic Notch. S. Shioya. IJng.- 
Arch., vol. 29, No. 2, 1960, pp. 93-99. Presenta- 
tion of a theoretical solution for a semi-infinite 
plate notched by elliptic notch and transmitting a 
constant bending moment. The analysis is de- 
veloped on the basis of the Poisson-Kirchhoff 
theory of thin plates and by means of Muskheli- 
shvili's complex variable method. Numerical 
examples illustrate the effects of the notch. 


Postbuckling Behavior of Rectangular Plates 
With Small Initial Curvature Loaded in Edge 
Compression. I—Theory. N. Yamaki. (ASME 
Trans., Ser. E - AM, Sept., 1959, pp. 407-414; 
June, 1960, pp. 335-342.) U. Tohoku Rep. Inst. 
High Speed Mech., Ser. B, vol. 11, 1959-1960, pp. 
129-168. 20 refs. 

An Orthotropic Plate Supported on Two Oppo- 
site Boundaries With Uniformly Loaded Rec- 
tangular Field Parallel to the Plate Boundaries. 
F. Szelagowski. Acad. Pol. Sci. Bul., Tech. Sci. 
Ser., No. 4, 1960, pp. 167-177. 


Rings 

Ring With Edge Moments. A. E. Gemma. 
J. Aerospace Sct., Nov., 1960, pp. 867, 868. 
Analysis of a ring for three different material con- 
ditions: elastic, linear viscoelastic, and steady 
creep (power creep). 


Testing Methods 


Photoelastic Measurement of Surface Strain. 
I. J.R. Linge. Aircraft Eng., Sept., 1960, pp. 
261-270. 

Mechanics Applied to Creep Testing. N. J. 
Hoff. Stanford U. Dept. Aero. Eng. SUDAER 
83 (AFOSR TN 59-39) [AD 83], Dec., 1958. 
80 pp. 49 refs. Discussion of nonlinear creep 
phenomena on the basis of principles of applied 
mechanics, including the causes of the large 
scatter in the results of creep tests, the effect of 
creep on the stress distribution, the interaction 
between linear elasticity and nonlinear creep, and 
the difficulties encountered in the determination 
of the primary phase of creep. 


Attrezzatura Sperimentale per Prove di Im- 
bozzamento su Pannelli Piani Irrigiditi. Giorgio 
Bartolozzi. (Ric. Sct., Aug., 1959, pp. 1658- 
1662.) Pisa U. Fac. Eng. Paper 894,1959. 5 pp. 
Reprint. In Italian. Description of apparatus 
used for testing stiffened panels in buckling. 


Thermal Stress 


A Survey of the Theories of Creep Buckling. 
N. J. Hoff. Stanford U. Dept. Aero. Eng. 
SUDAER 80 (AFOSR TN 60-382), June, 1958. 
60 pp. 50 refs. Discussion of two fundament- 
ally different approaches to the solution of the 
buckling problem: (a) the structural element is 
assumed to be perfect and perfectly centered 
under the loads, and buckling is initiated by a dis- 
turbance in the configuration, (b) the creep defor- 
mations begin in consequence of the deviation of 
the unloaded centerline or median plane of the 
structural element from the line of load applica- 
tion. 


On the Integration of the Equations of Un- 
steady Creep of Solid Bodies. P.S. Kuratov and 
V. I. Rozenblium. (Prikl. Mat. i Mekh., Jan.- 
Feb., 1960, pp. 146-148.) PMM—Appl. Math. 
& Mech., No. 1, 1960, pp. 195-199. Translation. 


One-Dimensional Thermoelastic Problems for 
Elastic Bodies With Material Constants Depend- 
ent on Temperature. M. Sokolowski. Acad. 
Pol. Sci. Bul., Tech. Sci. Ser., No. 4, 1960, pp. 
153-160. Investigation of the influence of tem- 
perature dependence of the conductivity coeffi- 
cient \ = \ (7) on the distribution of temperature 
and stresses in thick-walled cylindrical and 


spherical shells, in a case when their inner and 
outer surfaces are heated to different tempera- 
tures. 

Despre unele Probleme ale Termoelasticitatii. 
Vladimir Derski. Stud. Cerc. Mec. Aplic., No. 1, 
1960, pp. 131-151. 27 refs. In Rumanian, with 
summaries in Russian and French. Presentation 
of solutions for certain thermoelastic problems in 
nonstationary temperature regime. Using the 
thermoelastic potential which represents a 
particular solution for the equations of thermo- 
elasticity, the stresses in a cylindrical tube are 
determined for the case when the tube is sub- 
jected to an axisymmetric temperature field which 
is constant over the length of the tube. 


Thermodynamics 


The Thermal Conductivity of Heavy Water 
Between 75° and 260°C at Pressures up to 300 
atm. H. Ziebland and J. T. A. Burton. I[nter- 
natl. J. Heat & Mass Transfer, Aug., 1960, pp. 
242-254. 11 refs. 

On the Partial Thermodynamic Functions. 
A. Krupkowski. Acad. Pol. Sci. Bul., Tech. 
Sci. Ser., No. 4, 1960, pp. 199-207. Presenta- 
tion. of thermodynamic functions characterizing 
a given substance in solution, including the 
logarithm of the substitute pressure, the chemical 
potential, the entropy, and the enthalpy. 

Dependence of the Internal Energy of Air on 
the Pressure and Density at High Tempera- 
tures. S. S. Kvashnina. (AN SSSR Otd. 
Tekh. Nauk Izv. Mekh. i Mashinostr., Jan.-Feb., 
1960, pp. 178, 179.) ARS J. Suppl., Sept., 
1960, pp. 875, 876. Translation. 


Heat Transfer 


Heat Transfer Bibliography. E.R.G. Eckert, 
J. P. Hartnett, and E. M. Sparrow. IJnternaitl. J. 
Heat & Mass Transfer, Aug., 1960, pp. 255-268. 
320 refs. Further compilation consisting of 320 
references covering the period from 1953 to 1960 
listed in the following groups: applications, 
books, boundary layers, change of phase, channel 
flow, conduction, tlow with separated regions, 
liquid metals, low density, measurement tech- 
niques, natural convection, properties, radiation, 
transfer mechanisms, transpiration and mass 
transfer cooling, and rotating flow. 

Extension of the Transient Heating Charts. 
A. N. Baxter. ARS J., Sept., 1960, pp. 904, 905. 
Presentation of a chart giving the temperature 
difference ratio versus Fourier modulus for the 
heated surface of a semi-infinite slab. 


Local and Average Heat Transfer Coefficients 
at an Air Stream in a Tube with a Pointed Inlet. 
V. K. Ermolin. Internatl. J. Heat & Mass 
Transfer, Aug., 1960, pp. 147-151. 

Adhesive and Cohesive Forces Advantageous 
in Zero g Space Boilers. R. A. Trusela and R. 
G. Clodfelter. (SAE Natl. Aero. Meeting, New 
York, Apr. 5-8, 1960, Preprint 154C.) SAE J., 
Sept., 1960, pp. 56, 57. 

Steady-State Heat Conduction in a Circular 
Cone. Rokuro Mukiand EliSternberg. ZAMP, 
July 26, 1960, pp. 206-315. 11 refs. Navy- 
sponsored analysis of the stationary temperature 
field in a circular cone created by the unsteady 
distribution of the surface temperature. 

A Mechanism of Turbulent Heat Transfer in 
Liquid Metals. N. Z. Azer and B. T. Chao. 
Internatl. J. Heat & Mass Transfer, Aug., 1960, 
pp. 121-138. 41 refs. Presentation of a simpli- 
fied mechanism of turbulent heat transfer, based 
on a modification of Prandtl’s mixing-length hy- 
pothesis. It is assumed that there is a continuous 
change of momentum and energy during the flight 
of the eddy. Two expressions giving the ratio of 
eddy diffusivities for heat and momentum were 
obtained for fully developed pipe flow. One is for 
fluids of Prandtl number ranging from 0.6 to 15, 
and the other is for liquid metals. 

Heat Transfer to Mercury in a Circular Tube 
and Annular Channels with Sinusoidal Heat Load 
Distribution. V. I. Petrovichev. Internatl. J. 
Heat & Mass Transfer, Aug., 1960, pp. 115-120. 

Insulation Temperature for the Transient 
Heating of an Insulated Infinite Metal Slab. 
Ww. . Holter and J. Grover. 
Sept., 1960, pp. 907, 908. Navy-sponsored pres- 
entation of a solution for the equation of tran- 
sient heat conduction at the hot surface of the in- 
sulation. A graphical plot is given for the insula- 
tion surface temperature rise versus heating time 
for an insulated infinite metal slab. 


Experiments on Heat Transfer of Spheres. 
TI—Particularly Forced and Combined Convec- 


tion at Lower Reynolds Numbers. III—In- 
fluence of Free Stream Turbulence at Higher 
Reynolds Numbers. T. Yuge. U. Téhoku Rep. 
Inst. High Speed Mech., Ser. B., vol. 11, 1959- 
1960, pp. 169-230. 51 refs. 

On Minimum-Weight Rectangular Radiating 
Fins. Chen-Ya Liu. J. Aerospace Sci., Nov., 
1960, pp. 871, 872. Presentation of an exact 
solution to the problem of Bartas and Sellers, 
from which the fin geometry with the least weight 
is determined. 


Statsionarnoe Raspredelenie Temperatur v 
Poperechnom Sechenii Stenki Tsilindricheskoi 
Truby s Vnutrennimi Istochnikami Tepla. V. L. 
Lel'chuk. Teploenergetika, Jan., 1960, pp. 54, 55. 
In Russian. Calculation of the stationary tem- 
perature distribution over the cross section of the 
wall of a cylindrical duct with internal heat 
sources 


VTOL & STOL 


Le Décollage Vertical. Paul Morain. Tech. 
& Sci. Aéronautiques, Jan. -Feb., 1960, pp. 55-65. 
In French. Discussion of VTOL and STOL air- 
craft, including their classification, model features, 
and comparison of the different approaches to the 
VTOL problem. The characteristics, design ap- 
proaches, and probable application of the GEM’s 
are also noted. 


Stabilité et Maniabilité des Propulseurs Vo- 
lants. G. Ernst. Docaéro, Mar., 1960, pp. 
47-58. In French. Study of the stability and 
maneuverability characteristics of wingless air- 
craft of the ATAR type. 


Sull’Involo e Sull’Arrivo Raccorciati e Vertical! 
degli Aeromobili. L. Lazzarino. (16th Natl. 
Aero. Congr., Pisa, Oct. 6-12, 1959.) L’Aero- 
tecnica, Nov., 1959, pp. 213-218. In Italian. 
Discussion of the research and problems in the 
field of STOL and VTOL aircraft development. 
Included are methods for evaluating the perform- 
ance of such aircraft, as well as a study of the 
effect of gust loads on low-speed maneuvers. 


Special Issue: Design and Development of the 
SC. 1. Short Quart. Rev., Sept., 1960, pp. 1-15. 
Partial Contents: Controlled VTOL, H. G. Con- 
way. The Project, F. Youens. Engineering 
Design, C. D. Hatton. Structure Design, W. 
Brunskill. Aerodynamic Design, J. Fletcher. 
The Role of Simulators, James Foody. Auto- 
matic Control, I. K. Lasbrey. Mechanical 
Equipment, M. Macfarlane. Structural Test 
Programme, R. Boorman. Test Rigs and Instal- 
lations, J. Bissett. The Build and Servicing, R. 
Beaney. The Aircraft in Flight, Tom Brooke- 
Smith, 

Perspectives de l’Avion a Souffle d’Hélice Dé- 
fléchi. B.de Pontfarcy and A. Labussitre. Tech. 
& Sci. Aéronautiques, Jan.-Feb., 1960, pp. 33-41. 
In French. Discussion of the development to 
embody helicopter and classic airplane charac- 
teristics in the tilt wing aircraft. The charac- 
teristics of the Bréguet 940 and 941 are presented, 
and the safety and economy features of the 941 
model are noted. 


Water-Based Aircraft 


Theoretical Determination of Water Loads on 
Pitching Hulls and Shock-Mounted Hydro-Skis. 
Appendix A—Pressure Distribution on a Cam- 
bered Airfoil at Large Angles of Attack. Appen- 
dix B—Loads and Moments on a Cambered 
Airfoil of Infinite Span at Finite Angle of Attack 
by Blasius’ Theory. Appendix C—Methods of 
Solution. Emanuel Schnitzer. U.S.. NASA 
TN D-392, May, 1960. 65 pp. 23 rets. OTS, 
$1.75. Presentation of dynamic-camber theory 
for determining the loads and motions of seaplanes 
with high length-beam ratios, shock-mounted 
hydro-skis, and other bodies impacting or planing 
on a water surface while undergoing pitching ro- 
tation. The effects of pitching rotation on 
longitudinal pressure distribution are shown. 


Transitional Phenomena in Ultrasonic Shock 
Waves Emitted by Cavitation on Hydrofoils. F. 
Numachi. (ASME Trans., Ser. D - BE, June, 
1959, pp. 153-166.) U. Téhoku Rep. Inst. High 
Speed Mech., Ser. B., vol. 11, 1959-1960, pp. 
103-127. 

Effect of Static Pressure Differences on Cavita- 
tion Characteristics of Hydrofoil Profile. II— 
The Case of Higher Static Pressures. F. 
Numachi and I. Chida. (JSME 29th Gen. 
Meeting, Apr. 2, 1958.) U. Téhoku Rep. Inst. 
ae Mech., Ser. B., vol. 11, 1959-1960, pp. 
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REVIEWS OF 


in the field of aeronautical engineering 


and space technology 


AERODYNAMICS 
Theory of Wing Sections; Including a Sum- 
mary of Airfoil Data. Ira E. Abbot and Albert 
E. von Doenhoff. (New York, 1949.) New 
York, Dover Publications, Inc., 1959. 693 pp. 
$2.95. Corrected reprint. 


AERONAUTICS, GENERAL 


Jahrbuch 1957 der Wissenschaftlichen Gessell- 
schaft fiir Luftfahrt, e.V. (WGL); mit den 
Vortragen der WGL-DVL-Tagung in Essen vom 
9. bis 12. April, 1957, (1957 Yearbook of the 
WGL; with Papers Presented at the WGL- 
DVL Conference, Essen, April 9-12, 1957). 
Editors: Hermann Blenk and Werner Schulz. 
Braunschweig, Friedr. Vieweg & Sohn, 1958. 
512 pp. DM 58.-. 

Contents: Entwicklungsstand der Turbinen- 
triebwerke (Development Status of Turbine 
Power Plants), K. Leist. Probleme und 
Ergebnisse der angewandten gasdynamischen 
Forschung (Problems and Results in Applied 
Gas-Dynamic Research), A. Naumann, A. Hey- 
ser, and W. ‘Trommsdorff. Der Uberdruck- 
Windkanal in Aachen (The Blow-Down Wind 
Tunnelin Aachen), A. Naumann. Ein schnellan- 
zeigendes elektronisches Multimanometer (A 
Rapid-Indicating Electronic Multimanometer), 
A.Heyser. Vercinfachte Bestimmung der Druck- 
verteilung an [liigeln beliebiger Spannweite 
(Simplified Determination of the Pressure 
Distribution on Wings of Arbitrary Span), 
K. Oswatitsch und G. Laschek. Strémung an 
K6rpern nicht mehr kleiner Streckung in auf- 
triebsloser linearer Unter- und Uberschallstrém- 
ung (Symmetric Linear Subsonic and Super- 
sonic Flow Around Not-So-Slender Bodies), 
F. Keune. Auftrieb und Widerstand langer 
Ringfliige) in  Uberschallstroémung (Lift and 
Drag of Long Annular Wings in Supersonic 
Flow), J. Zierep. Strémungsuntersuchungen an 
rotierenden Schaufelgittern (Flow Investigations 
on Rotating Blade Grids), W. Dettmering. 
Akustische Steuerung der turbulenten Anfach- 
ung im Freistrahl (Acoustic Control of Turbu- 
lent Excitation in the Free Stream), O. Wehr- 
mann. 

Beitrag zur Frage des Lufteinlasses bei Strahl- 
triebwerken fiir Uberschallgeschwindigkeiten 
(Contribution to the Problem of an Air Inlet for 
Jet Power Plants Operating at Supersonic Speeds), 
E. Séffker. Der Einfluss der Fluggeschwindig 
keit auf die Wirtschaftlichkeit von Durch- und 
Ausstrémtriebwerk (The Influence of Flight 
Speed on the Economy of Power Plants Operating 
on Passing Flow and Ejectiag Flow Principles), 
G. Fellner. Die Wirkung der Schleierkiihlung 
bei hocherhitzten Bauteilen (The Efficiency of 
Film Cooling of Structural Parts Subjected to 
High Temperatures), F. J. Geller. Zur Frage 
der Fahrwerkslastannahmen (On the Question of 
Undercarriage Load Assumptions), W. Braun. 

tungsgenauigkeit von Funknavigationsver- 
fahren (The Accuracy of Position Finding in 
Radio Navigation Systems), G. Ulbricht. Uber 
das Springen von Funkpeilungen (On the Rapid 
Variation of Radio Bearings), H. J. Zetzmann. 
Biologische Strahlenwirkung (Biological Effects 
of Radiation), G. Schafer. Beitrage zu Nach- 
wuchs- und Ausbildungsfragen aus den Erfah- 
rungen bei der Flugzeugfiihrerauslese (Problems 
of Recruiting and Training in the Light of 
Experience in Pilot Selection), K. Steininger. 
Uber die Berechnung des induzierten Gesch- 
windigkeitsfeldes von Tragfliigeln (On the 
Calculation of the Induced Velocity Field of 
Lifting Wings), K. Gersten. Untersuchungen zur 
Aerodynamik der Fliigel-Rumpf-Anordnungen 
(Investigations on the Aerodynamics of Wing- 
dy Combinations), X. Hafer. Strémungsun- 
tersuchungen an Tandem-Schaufelgittern (Flow 
Investigations on Tandem Blade Grids), S. 
Miiftiioglu. Uberschallstré6mung um Rumpf- 
Fliigel-Anordnungen (Supersonic Flow around 
Fuselage-Wing Combinations), R. Sauer. Grenz- 
schichteffekte beim Rohrwindkanal (Boundary- 
Layer Effects in a Tube Wind Tunnel), E. 
Becker. Grenzschichtablésung und Totwasser- 
bildung (Boundary-Layer Separation and Wake 
Formation), R. Eppler. Aeronautical Studies 
in the Aeroballistics Range, G. V. Bull. Uber 
den Entwicklungsstand der Freifluganlagen (On 
the Development Status of Aeroballistic Ranges), 
R. E. Kutterer. 

Beitrag zur Frage nach den Flugeigenschaften 
der Segelflugzeuge (Contribution to the Question 
of the Flying Characteristics of Sailplanes), 

Beauvais. Grenzschicht - Messungen im 
Segelflugzeug (Boundary-Layer Measurements 


Using Sailplanes), W. van Nes. Die schrag 
angeblasene Luftschraube und andere Fliigel- 
Triebwerk-Systeme im Langsamflug (The Pro- 
peller (Lifting Rotor) in Oblique Flow and Other 
Wing-Engine Systems in Slow Flight), A. Gail. 
Bemerkungen zur Schraganblasung am _ Rotor- 
blatt eines Hubschraubers (Remarks on a Heli- 
copter Rotor Blade in Oblique Flow), R 
Ludwig. On the Response of Structures Having 
Multiple Random Inputs, J. C. Houbolt. Durch 
die Fliigel verursachte Spannungserhéhung in 
Mittelscheiben axialer Turbolaufer (Blade-In- 
duced Stress Increase in the Center Section of 
Axial-Turbine Rotors), E. Adams. Ein Beitrag 
zur Statik des Ringfliigels (A Contribution to the 
Statics of Annular Wings), G. Czerwenka. 

Design of Passenger ‘“‘Tie-Down’’; Some 
Factors for Consideration in the Crash-Survival 
Design of Passenger Seats in Transport Aircraft, 
A. H. Hasbrook. Analog-Rechengeraite und 
Simulatoren in der Luftfahrt (Analog Computers 
and Simulators in Aeronautics), W. Pinsker. 
Uber einige neuere Ergebnisse der Regelungs- 
theorie und ihre Bedeutung fiir die Lagenregel- 
ungen von Flugzeugen (On Some Recent Results 
from Control Theory and Their Significance for 
the Control of Aircraft Attitude), K. Magnus. 
Dreiachsen-Flugregelung fiir Hochleistungsflug- 
zeuge mit Integrations-Wendekreiseln als Haupt- 
richtgeber (Three-Axis Flight Control for High- 
Performance Aircraft, Using Integrating Turn 
Gyros as the Principal Directional Elements), 
H. J. Dudenhausen 

A High Resolution Hydraulic Servo, W. A. 
Good. Sichtbarmachung von  Flugzeugbord- 
geraten (Making Aircraft Flight Instruments 
Visible), F. Wiegand. 

Uber gasdynamische Mischungsvorgange; 
Schuberhéhung durch Strahlbeimischung (On 
Gas-Dynamic Mixing Processes; Thrust Aug- 
mentation by Jet Injection), O. Lutz. Augena- 
herte Berechnung der mittleren Zustandsfelder 
in ebenen oder runden turbulenten Diffusions- 
flammen und dissoziierenden freien Gasstrahlen 
(Approximate Calculation of the Average State 
Fields in Plane or Round Turbulent Diffusion 
Flames and Dissociating Free Gas Jets), H. 
Stiimke, Fliegende Priifstande fiir Strahlturbi- 
nen (Flying Test Beds for Turbojets), H. Bors- 
dorff and A. Desmazes. Probleme bei Versuchen 
an Ringbrennkammern (Problems Arising in 
the Testing of Annular Turbojet Combustion 
Chambers), E. Caffier. Turbinenflugtriebwerke, 
Leistungen und Gewichte (Aircraft Turbine 
Power Plants, Performance and Weight), A. 
Scheibe. Die Herstellung von Blechschaufeln 
fiir Gasturbinen und Kompressoren (The Manu- 
facture of Sheet-Metal Blades for Gas Turbines 
and Compressors), H Kress. S.A.P.—Der 
hochwarmfeste Aluminum-Sinterwerkstoff (Sin- 
tered Aluminum Powder—A Sintered Material 
Resistant to High Temperatures), R. Irmann. 
Warmetibergang und  Grenzschichtausbildung 
bei Schwitzbaustoffen (Heat Transfer and 
Boundary-Layer Formation Using Porous 
Materials for Sweat Cooling), E. Mayer-Hartwig. 

Die Arbeiten des Flugmeteorologischen Insti- 
tuts der Deutschen Forschungsanstalt fiir 
Segelflug (DFS)—freie und zweckgebundene 
Forschung (The Work of the Institute for Flight 
Meteorology of the German Research Establish- 
ment for Soaring Flight (DFS)—Basic and 
Applied Research), H. Koschmieder. Neue 
Untersuchungen tiber die Eisteilchenbildung in 
unterkiihlten Wolken (New Investigations of 
Ice Particle Formation in Supercooled Clouds) 
H.-W. Georgii. Wolkenhéhenmessung bei Tage 
mit laufender Registrierung (Day-Time Cloud 
Height Measurement with Continuous Record- 
ing), L. Roth. The remainder of the volume is 
cencerned with WGL organization, activities. 


CONTROL THEORY 
Dictionary of Automatic Control. Robert J. 
Bibbero. New York, Reinhold Publishing Corp., 
1960. 282 pp. $6.00 
More than a collection of definitions, this 
volume provides a condensed discussion of each 
topic. The author has covered control theory 
and basic concepts, computers and data process- 
ing, industrial machine and process control, 
aircraft and missile control and telemetering, 
and control components and design factors. 
The arrangement is alphabetical and_ self- 
indexing. There is also a classified index, di- 
vided according to five subject areas 


ELECTRONICS 
1959 National Symposium on Space Electronics 
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and Telemetry, September 28-30, 195+, San 
Francisco. Sponsored by the IRE Professional 
Group on Space Electronics Tel: metry. 
New York, IRE, 1959. 438 pp. $5.00 

Contents: (1) Space Electronics 1—Com»unicg- 
tion: Design and Evaluation of Space Communj- 
cations Systems Using Computer Simulation 
Techniques, D. R. J. White. The Use of PCM in 
Data Links with Satellites, Space Vehicles ang 
Long Range Missiles, R. L. Sink. Phase- lock in 
Space Communications, F. A. Ruegg and W, F 
Sampson. A Communication System for 4 
Small Interplanetary Vehicle, M. I. Skolnik ang 
L. Cartledge. Encoding, Decoding and R: coding 
with Binary-Decimal Numbers: An Expanded 
View, B. Lippel. 

(2) Data Processing Systems and Techniques: 
Mathematical Approach to Hybrid Computing, 
G. Birkel Jr. High-Speed Hybrid Computer, 
M.C. Burns. High-Speed Plotter, R. Sapirstein 
An Integrated Ground Flight Test Data Reduce. 
tion Center (Abstract only), E. N. Sherman 
Telemetry Data Processing at Convair-Astro- 
nautics, R. G. Madsen. 

(3) Propagation Problems and Reception Meth. 
ods: Data Recovery—New Approaches Re. 
quired for Re-Entry Vehicle Instrumentation, 
P. A. Lathrop. Analysis and Prediction of 
Radio Signal Interference Effects Due to Ionized 
Layer Around a Re-Entry Vehicle, W. C. Taylor 
Radio Frequency Propagation To and From 
ICBM’'s and IRBM’s, F. S. Howell and W. H. 
Drake. A Diversity Combiner for Telemetry, 
Cc. C. Hall. Telemetry Diversity Reception 
Techniques, V. A. Ratner. 

(4) Commutation: A Novel Concept Applied 
to Airborne Commutation, E. Straehley, 
A Status Report on Missile Commutation, R. J. 
Farrelly. An Improved Transistorized PDM 
Keyer for the Multi-Channel Data Acquisition 
System B. Stefanov. 

(5) Data Acquisition and Conversion: A PCM 
Data Acquisition and Processing System for 
Solid Propellant Engine Testing, J). P. Knight. 
Some New Techniques in Airborne Data Acqui- 
sition, E. P. Brandeis and M. E. Harrison 
Digital to Analog Conversion for PCM Telem- 
etry and Digital Data Transmission Systems, 
M. Palevsky, G. Slocomb, and D. Block. 

(6) Space Electronics 2—Instrumentation: 
Biomedical Instrumentation in the “ Discoverer” 
Satellite (Part One)—Animal Experiments (Ab- 
stract only), S. A. Hall. Biomedical Instru- 
mentation in the ‘‘Discoverer’’ Satellite (Part 
Two)—Instrumentation Design Details and 
Data (Abstract only), R. M. Adams. _Digilock 
Telemetry System, R. W. Sanders. Telem- 
etry Addition to the Azusa Tracking System, 
E. W. Bush. The Goldstone Tracking Station 
(Abstract only), R. Stevens. 

(7) Telemetry Systems and Techniques: A 
High Capacity PAM-FM-FM Telemetering 
System for the Saturn Booster, O. B. King 
SS-FM—A Frequency Division Telemetry Sys- 
tem with High Data Capacity, W. O. Frost 
and O. B. King. A Pulse Position Telemetry 
System, L. Weisman and E. S. Teltscher. Some 
Methods of Obtaining More Vibration Data on 
Fewer Telemetry Channels, W. D. Hancock. 
Extreme Environment Telemeter, J. J. Weip- 
pert, J. S. Piontkowski, and M. J. Huskey 

(8) Ground Station Equipment: A Solid State 
Decommutator, J. H. Porter. An Advanced 
Decommutator System, L. H. Beman. Cross- 
talk in Time Shared Systems as Affected by 
Discriminator Characteristics, O. J. Ott. A 
Decommutaiion System for FM/FM Telemetry, 
W. Kroll. Pacific Missile Range Telemetry 
Facilities (Abstract only), B. O. Hicks. 

(9) Telemetry Components and Techniques: 
Factors Affecting Choice of Loop Filters in Phase- 
Locked Loop Discriminators, R. Runyan. 
Transistorized Sub-Carrier Oscillator Principles, 
W. H. Swain. A _ Reactance-Modulated FM 
Transmitter for Space Communications or 
Telemetry, R. Pasos and G. Heninger. A New 
Telemetry Transmitter Using a Voltage-Tuned 
Magnetron for Space Environment, C. L. Jensen 
A Tunable Airborne VHF Transmitter of High 
Stability for Wide Deviation FM with Low 
Distortion, W. H. Swain and §S. Fisher 

1959 IRE WESCON Convention Record. 
Sponsored by IRE Professional Groups, Westera 
Electronic Show and Convention, San Francisco, 
August 18-21, 1959. New York, IRE, 1959 
3 Vols. Part 1, 155 pp., $4.00. Part 2, 127 pp., 
$3.20. Part 3, 117 pp., $3.60. 

Contents: Part 1, Antennas and Propagation, 
Microwave Theory and Techniques. Space An 
tenna Problems: Electromagnetic Effects Asso- 
ciated with Hypersonic Re-Entry Vehicles, R. B, 
Whitmer. Estimating Voltage Breakdown Per- 
formance of High-Altitude Antennas, Ww. J. 
Linder and H. L. Steele. Interferometer Phasing 
Problems at Microwave Frequencies, G. Swarup 
and K. S. Yang. 

Microwave Antennas: Electronically Scanned 
Microwave Arrays Employing Synchronous 
Ferrite Phaseshifters, A. Clavin, L. A. Kurtz, 
and S. A. Rosen. Logical Pattern Synthesis, 
A. Ksienski, G. G. Comisar, and 0. R. Price. 
The Effects of Wide-Band Signals on Radar 
Antenna Design, L. R. Dausin, K. E. Niebuhr, 
and N. J. Nilsson. 

Radio Wave Prcpagation: Optimum Trans 
mission Rate for Low-Power-Meteor Burst 
Communication Systems, B. M. Sifford. Radio 
Propagation Measurements in the 100 to 118 
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KMC Spectrum, C. W. Tolbert and A. W. 
Straiton. L Band Multipath Propagation in an 
Airborne Pulsed System, G. E. Hart and H. M. 

b. 
rowan Variable Reactance Amplifiers. 
Low-Noise Microwave Reactance Amplifiers 
with Large Gain-Bandwidth Products, P. P. 
Lombardo and E. W. Sard. A Low-Noise Up- 
Converter Parametric Amplifier, E. M. T. Jones 
and J. S. Honda. Superregenerative Operation 
of Parametric Amplifiers and Detectors, J. J. 
Younger, A. G. Little, H. Heffner, and G. 
Wade. 

Microwave Components and Systems: Har- 
monic Suppression by Leaky-Wall Waveguide 
Filters, V. C. Price, R. H. Stone, and V. Met. 
Application of a Solid-State Ruby Maser to an 
X-Band Radar System, R. L. Forward, F. E. 
Goodwin, and J. E. Kieter. An Automatic RF 
Matching Device, R. G. Martin, L. Young, 
D. S. Friedman, and G. Runke. 

Microwave Magnetic-Resonance Applications: 
Properties of Thin Magnetic Films for Micro- 
wave Applications, P. E. Tannenwald. Cavity 
and Traveling-Wave Masers Using Ruby at 
S-Band, W. S. C. Chang, J. Cromack, and A. E. 
Siegman, An S-Band Traveling Wave Maser, 
H. D. Tenney, R. W. Roberts, and P. H. Var- 

nian. 

Part 2, Circuit Theory. Network Theory and 
Application: The Relation Between Kron’s 
Method and the Classical Methods of Network 
Analysis, F. H. Branin, Jr. Practical Applications 
of Time Domain Theory, J. T. Bangert. Synthesis 
Techniques for Gain Bandwidth Optimization in 
Passive Transducers, H. J. Carlin. 

Active Networks: A Network Synthesis Ap- 
proach to Wide-Band Amplifiers (Abstract), 
N. DeClaris. Synthesis of Driving-Point Im- 
pedances Using Active RC Networks, B. 5 
Kinariwala. Transistor-RC Network Synthesis, 
B. R. Myers. 

Parametric Amplifier Circuit Theory: Circuit 
Considerations in Traveling-Wave Parametric 
Amplifiers, C. V. Bell and G. Wade. Circuit 
Aspects of Parametric Amplifiers H. Seidel and 
G. F. Herrmann. Four Terminal Equivalent 
Circuits of Parametric Diodes, C. S. Kim. 

Transistor Analysis and Applications: Semi- 
conductor Comparator Circuits, G. L. Hoehn, 
Jr. An Evaluation of Transistor Lowpass 
Broadbanding Techniques, D. O. Pederson and 
R.S. Pepper. Stored Charge Analysis of Tran- 
sistors (Abstract), J. M. Early. 

Part 3, Electron Devices. Semiconductor De- 
vices, 1: Tunnel Diodes for Low Noise Amplifi- 
cation, H. S. Sommers, Jr., K. K. N. Chang, 
H. Nelson, R. Steinhoff, and P. Schnitzler. 
Germanium and Silicon Tunnel Diodes—Design, 
Operation, and Application, I. A. Lesk, 
N. Holonyak, Jr., U. S. Davidsohn, and M. W. 
Aarons. Variable Capacitance with Large Ca- 
pacity Change, J. L. Moll. 

Semiconductor Devices, 2: A Stepping Tran- 
sistor Element, L. A. D’Asaro. Recovery Time 
of PNPN Diodes, A. N. Baker, J. M. Goldey, 
and I. M. Ross. Silicon Mesa Transistors for 
Use as Saturating Switches (Abstract), V. H. 
Grinich and R. N. Noyce. 

Semiconductor Devices, 3: Molten Dot Tech- 
nique for Alloy Junction Fabrication, R. C. 
Ingraham and R. E. Hunt, Three Layer Com- 
pensated Avalanche Diodes, G. S. Horsley. The 
Annealing of Neutron Damage in Silicon Mesa 
Transistors, C. S. Roberts and V. H. Grinich. 

Vacuum Tubes, 1: Measurement of Internal 
Reflections in Traveling-Wave Tubes Using a 
Millimicrosecond Pulse Radar, D. O. Melroy 
and H. T. Closson. Fast Longitudinal Space 
Charge Wave Parametric Amplifiers, J. S. 
Cook and W. H. Louisell. Miniaturized Low- 
Noise Traveling-Wave Tubes for Airborne Ap- 
plication, C. L. Cuccia, H. J. Wolkstein, and J. J. 
Napoleon. 

Vacuum Tubes, 2: Design, Theory, and Char- 
acteristics of the Helitron—A New Type of 
Microwave Oscillator, G. Wada and R. Pantell. 
Wade Band High Power Klystrons, W. Beaver, 
G. Caryotakis, A. Staprans, and R. Symons. 
Some Studies on the Magnetron-Type of Hollow- 


Beam Electron Gun, E. G. Todd and G. R. 
Brewer. 


Photo-Electronic Image Devices. Proceedings 
of a Symposium Held at London, September 3-5, 
1958, Imperial College, London University. 
Edited by J. D. McGee and W. L. Wilcock. 
(Advances in Electronics and Electron Physics, 


Vol. 12.) New York, Academic Press, 1960. 
397 pp. $12. 


Contents: The Potentialities of Photo-Elec- 
tronic Imaging Devices for Astronomical Obser- 
vations, W. A. Baum. La Photographie Elec- 
tronique (Electronic Photography), A. Lalle- 
mand, M. Duchesne, and G. Wlérick (In French). 
Image Tube Research at Yerkes Observatory, 
W. A. Hiltner and Peter Pesch. Astronomical 
Tests of Barrier- Membrane Image Converters, 
J. S. Hall, W. K. Ford, Jr., and W. A. Baum. 

a Image Intensifier with a Thin End-Window, 

. Zacharov and S. Dowden. Image Intensifier 
Developments in the RCA Electron Tube 
-lvision, R. G. Stoudenheimer. The transmis- 
a Secondary Emission Image Intensifier, M. 
x Wachtel, D. D. Doughty, and A. E. Anderson. 
yy Emission in Image Tubes, S. F. Essig. 

Electron Image Multiplier, J. D. McGee, 

. A. Flinn, and H. D. Evans.’ The Channeled 


Image Intensifier, J. Burns and M. J. Neumann. 
ain Possible de Résolution dans l’Observa- 


tion Astronomique par l’Emploi de la Camera 
Electronique de Lallemand (The Possible Gain in 
Resolution in Astronomical Observation by the 
Use of Lallemand’s Electronic Camera), J. Résch 
(In French). Image Tubes in Nuclear Physics, 
P. E. Condon. Amplification of Transient 
Images in High-Gain Photocathode-Phosphor 
Image-Intensifier Systems, A. Roberts. The 
Regenerative Image Intensiier and Its Applica- 
tion to the Luminescent Chamber, M. L. Perl 
and L. W. Jones. The Low Light Level Perform- 
ance of the Intensifier Orthicon, G. A. Morton 
and J. E. Ruedy. Some Early Trials of Astro- 
nomical Photography by Television Methods, 
R. K. H. Gebel and L. Devol. The Tri-Alkali 
Stabilized C.P.S. Emitron: A New Television 
Camera Tube of High Sensitivity, D. J. Gibbons. 
Charge Integration Experiments with a C.P.S. 
Emitron, R. P. Randall. Experiments with a 
Simple Photo-Electronic Storage Tube, W. 
Heimann. An Experimental Image Storage 
Tube for the Detection of Weak Optical Images 
of Low Contrast, R. L. Beurle and N. A. Slark. 
An Infra-Red-Sensitive Television Camera Tube, 
S. Taylor. On the Signal-to-Noise Ratio in 
Television Storage Tubes, R. Theile. Signal- 
to-Noise Ratio of Image Devices, E. F. De Haan. 
An Isophote Converter for Use with Signal- 
Generating Image Tubes, E. W. Dennison. The 
Application of Image Storage Tubes to the 
Observation of Optical Diffraction Patterns, 
F. Fowweather and J. Harbour. An Image 
Intensifier for the Electron Microscope, M. E. 
Haine, A. E. Ennos, and P. A. Einstein. Image 
Intensification Using a Flying-Spot X-Ray 
Tube, C. A. Greatorex. An X-Ray Sensitive 
Photoconductive Pick-up Tube, C. W. Smith. 
X-Ray Image Intensification Using Optical 
Television Methods, G. A. Hay. X-Ray Image 
Intensifier Using Image Orthicon Tubes, E. 
Garthwaite. Author Index. Subject Index. 


MATHEMATICS 


Elliptic Functions with Complex Arguments. 
F. M. Henderson. Ann Arbor, Mich., Univer- 
sity of Michigan Press, 1960. 184 pp. $8.00. 

The tables and charts contained in this volume 
are intended to fill the need for complex values 
of elliptic functions in connection with plane 
harmonic, or potential problems—i.e., the map- 
ping problems of hydrodynamics, heat conduction, 
and electromagnetic theory. The cherts can 
be read directly to two significant figures and by 
estimation to three figures. 


METEOROLOGY 


Weather Forecasting for Aeronautics. Joseph 
J. George. New York, Academic Press, 1960. 
673 pp. $15. 

The purpose of this book is to provide the 
practicing forecaster and the pilot who desires 
to learn more about the art and science of pre- 
dicting weather with the necessary aids and 
methods for making practical application of 
his knowledge of the fundamentals of meteorology. 
Most of the material is based on work performed 
in the Eastern Air Lines meteorological laboratory 
under contract with the AFCRC, the U 
Weather Research Facility, and the US Weather 
Bureau. Mr. George is with Eastern Air Lines. 

Contents: (1) The Forecast Problem. (2) 
Construction of the Prognostic Pressure Chart. 
(3) The Prediction of Cyclogenesis. (4) Fore- 
casting the Movement, Deepening, and Filling 
of Cyclones. (5) Movement of Anticyclones in 
North America. (6) Movement of Cold Lows at 
the 500-Millibar Level, and Their Influence on 
Surface Lows. (7) Displacement of Surface Cold 
Fronts. (8) Warm Frontal Analysis and Move- 
ment. (9) The Movement of Tropical Cyclones. 
(10) The ‘“‘Poor Man’s’’ Numerical Weather Pre- 
diction System, R. J. Shafer. (11) Synthesis of a 
Prognostic Chart: An Example, R. J. Shafer. 
(12) The Prediction of Very Low Ceiling and 
Fogs. (13) Pre-Trough Winter Precipitation 
Forecasting, P. W. Funke. (14) The Prediction 
of Severe Weather. (15) Forecasting of Heavy 


. Snowstorms Associated with Major Cyclones, 


. E. Bailey. (16) Wind and Temperature 
Forecasting for Aeronautical Purposes, H. B. 
Visscher. (17) The Use of Radar in Forecasting. 
Appendix. References. Index. 


POWER PLANTS 


Fundamentals of Rocket Propulsion. Ray- 
mond E. Wiech, Jr., and Robert F. Strauss. 
New York, Reinhold Publishing Corp., 1960. 
135 pp. $5.50. 

A review of the history, design, and operation 
of liquid and solid propellant rockets. It is 
intended for the beginning technical student and 
the general reader with technical interest. High- 
school background in mathematics and physics 
is assumed. Chapter 7 is devoted to Rocket 
Engines of the Future, and Chapter 8 supplies 
some of the basic formulas pertaining to take-off 
from Earth, escape velocity, and satellite orbits. 
There are a list of symbols, rocket engine formulas, 
and a subject index. 


RESEARCH 
Directory of University Research Bureaus and 


Institutes. Detroit, Gale Research Co., 1960. 
199 pp. 


A guide to college and university sponsored 
bureaus, institutes, experiment stations, labora- 
tories, and other research organizations estab- 
lished on a permanent basis and carrying on a 
continuing research program in agriculture, busi- 
ness, conservation, education, engineering, govern- 
ment and public affairs, labor, law, life sciences, 
mathematics, science and technology, and the 
social sciences. 

The organizations listed in this book are 
arranged in 21 sections including 17 broad func- 
tional sections, two appendices and two _ in- 
dices. The appendices provide a membership 
list and background information on the National 
Council of Research Administrators, and a list 
of university presses. 


SPACE TRAVEL 


The Exploration of Space. A Symposium 
on Space Physics, Washington, April 29-30, 
1959, Sponsored by the National Academy of Sci- 
ences, NASA, and the American Physical Society. 
Edited by Robert Jastrow. New York, The Mac- 
millan Company, 1960. 160 pp. $5.50. 

The papers were previously published in the 
Journal of Geophysical Research, August, No- 
vember, 1959. 

Contents: Introductory Remarks, R. Jastrow. 
Solid Particles in the Solar System, F. L. Whipple. 
Plasma and Magnetic Fields in the Solar System, 
T. Gold. Extension of the Solar Corona into 
Interplanetary Space, E. Parker. The Geo- 
magnetically Trapped Corpuscular Radiation, 
J. A. Van Allen. The Argus Experiment, N. C. 
Christofilos. Round-Table Discussion. 

Capabilities for Space Research, H. E. Newell. 
The Moon, G. P. Kuiper. Primary and Second- 
ary Objects, H.C. Urey. Remarks on Mars and 
Venus, G. de Vaucouleurs. Round-Table Dis- 
cussion. 

Rocket Astronomy, H. Friedman. Astronomy 
from Satellites and Space Vehicles, L. Goldberg. 
Experimental Research Program in the Space 
Sciences, J. W. Townsend, Jr. Outer Atmos- 
pheres of the Earth and Planets, R. Jastrow. 
Round-Table Discussion. Name Index. Sub- 
ject Index. 


Advances in Space Science, Vol. 2. Edited 
by Frederick I. Ordway, III. New York, 
Academic Press, 1960. 450 pp. $13. 

Contents: Experimental Physics Using Space 
Vehicles, C. P. Sonett. Tracking Artificial 
Sstellites and Space Vehicles, K. G. Henize. 
Materials in Space, F. L. Bagby. Plasma 
Propulsion Devices, M. Camac. Electrostatic 
Propulsion Systems for Space Vehicles, E. 
Stuhlinger and R. N. Seitz. Attitude Control 
of Satellites and Space Vehicles, R. E. Roberson. 
Author Index. Subject Index. 


Proceedings of the Fourth Annual Meeting 
of the American Astronautical Society, New York, 
December, 1957. (Advances in Astronautical 
Sciences, Vol. 2.) New York, Plenum Press, 
1958. 435 pp. $8.00. 

Contents: (1) A Survey of Propulsion and 
Space Dynamics, B. Cross and J. Jensen. 
(2) Plasma Motors, W. H. Bostick. (3) Beryl- 
lium: Promising Metal of the Space Age, R. E. 
Foster and L. Riedinger. (4) Returning 
Alive from Space, F. R. Riddell and R. W. Detra. 
(5) Supersonic Flow about a Blunt Body of 
Revolution, F. C. Gravalos. (6) Optimum 
Thrust Programming along Arbitrarily Inclined 
Rectilinear Paths, A. Miele and C. R. Cavoti. 
(7) Inertial Guidance and Navigation, W. E. 
Frye. (8) Determination of a Unique Attitude 
for an Earth Satellite, W. R. Davis. (9) Steer- 
ing an Ascent Rocket for Maximum Cutoff 
Velocity, W. H. Foy Jr. (10) The Selection and 
Training of Bio-Satellite Crews, D. W. Conover, 
E. G. Aiken, and C. M. Whitlock. (11) Orienta- 
tion of Research Needs Associated with Environ- 
ment of Closed Spaces, W. T. Ingram. (12) 
Ionization Dosage From X- and Beta-Rays in 
Flight through Auroral Displays, H. J. Schaefer. 
(13) Five Days Aloft: Research in Human Travel 
on the Endless Frontier of Time, C. A. Dempsey, 
F. D. Van Wart, L. Eisen, J. G. Roth, N. K. 
Morrison, and C. Myers. (14) Synthesis of 
Human-Automatic Control Systems for High 
Performance Vehicles, W. L. Morris and R. Cc. 
Kaehler. (15) Isolation and Confinement in 
Space Flight, G. E. Ruff, E. Z. Levy, and V. H. 
Thaler. (16) Design of an Algal Culture Cham- 
ber Adaptable to a Space Ship Cabin, J. G. Gaume. 
(17) A Universal Antenna System for Radio 
Astronomy and Space Vehicle Tracking, A. Fein. 
(18) Television Telemeter for Missile Test 
Programs, D. Hochman and J. P. Taylor. (19) 
Data Links for Space Exploration: Their Na- 
ture, Application and Limitations, H. E. Prew. 
(20) Some Observations on Russian Electronic 
Techniques, C. L. Rouault. (21) A Program for 
Space Flight, G. W. Hoover. (22) Space Cabin 
Design, A. M. Mayo. (23) Hydrogen Peroxide 
as a Source of Oxygen, Water, Heat and Power 
for Space Travel, N. S. Davis, Jr. and S. S. 
Naistat. (24) A  Recoverable Space Vehicle 
for Cosmic Ray Research, R. A. Webster. 
(25) Prediction of Cratering by Meteoroid Im- 
pacts, M.Kornhauser. (26) On the Generation of 
Temperatures to 30,000° K., P. E. Glaser. (27) 
Considerations about Visibility of Satellites for 
the Unaided Eye, I. Schmidt. (28) Minimum 
Time Interplanetary Orbits, D. M. Cole. (29) 
Interplanetary Applications of Automatic Navi- 
gation, E. V. Stearns. (30) Plastic Balloons for 
Planetary Research, M. D. Ross. (31) Project 
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A UNIQUE 
ORGANIZATION 
ENTIRELY 
DEVOTED TO 


__ SYSTEMS ENGINEERING 
SYSTEMS MANAGEMENT 


Revolutionary changes in the modern army —a new order of mobility 
and dispersion, and increasingly complex tactical and support require- 
ments — have created critical needs for systems engineering and sys- 
tems management support of a highly sophisticated nature. To meet 
these needs, the SPECIAL PROGRAMS SECTION was established 
by General Electric in early 1959. 


As prime contractor, SPS operates as a technical team which can focus 
and integrate the broad resources of the company on solutions to the 
most advanced systems problems. Our staff includes men with out- 
standing achievements in their own disciplines, and a thorough work- 
ing knowledge of allied fields. (Over 50% hold advanced degrees.) 
Each sees his own technical field from the viewpoint of a total sys- 
tems perspective. 


Because of our increasing activity with the Army, we are now engaged 
in substantial augmentation of our staff. The men we are seeking will 
work with a small group of senior level associates in an informal 
atmosphere. All will have the opportunity to concentrate on a variety 
of advanced programs or follow a single one through its full cycle. 


Immediate positions are open to highly competent engineers at our 
recently completed 2-story facility at Radnor, on Philadelphia’s Main 
Line. (1961 starting dates can be arranged.) Required are 5 to 10 
years’ experience in one or more disciplines concerned with the fol- 
lowing areas: 


ELECTRONIC SYSTEMS MISSILE SYSTEMS 


Navigation and Guidance Operations Analysis 
Computer Design Weapons Systems 

; Infrared Analysis 
Communications Aeroballistics 


Preliminary Missile 


CBR SYSTEMS Design 


‘ Radiation Effects Arming and Fuzing 
Applied Physics Airframe 
Micrometeorology Aerodynamics 


For further information, write in confidence to R. Hildick, Dept.2-ML 


SPECIAL 


P 
ROGRAMS IGENERAL ELECTRIC 


s € ere CEPARTMEN 


Radnor-Chester Road Radnor, Pennsylvania 


A Department of the Defense Electronics Division 
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Skyball: A Proposed Basic Trainer for “pace 
Flight, N. V. Petersen. (32) A Prelim nary 
Determination of the Positions of Some Virsj 
Second, and Third Magnitude Stars on the \ eles. 
tial Sphere of Mars, F. R. West, Jr. (3%) On 
Magnetohydrodynamic Propulsion, Y. A. Yoler. 
(34) The Use of Planetary Atmospheres for 
Propulsion, S. Demetriades and C. Kretschmer. 

Proceedings of the Third Annual Meeting 
of the American Astronautical Society, New York, 
December, 1956. (Advances in Astronuaiticaj 
Sciences, Vol. 1.) New York, Plenum Press. 
Inc., 1957. 177 pp. $8.00. 

Contents: (1) Education in the Astronautica} 
Sciences, C. S. Draper. (2) The Satellite ang 
Meteorology, H. Wexler. (3) Space Explora- 
tion—The New Challenge to the Electronics 
Industry, H. E. Prew. (4) The Orbit Lifetimes 
of the U.S. Artificial Satellites, H. B. Ketchum. 
(5) The Problem of Goddard and Optimum 
Thrust Programming, F. D. Faulkner. (6) 
The Mark II Minitrack System, R. L. Easton 
(7) Meteoric Abrasion Studies Proposed for 
Vanguard, M. J. Swetnick. (8) Cosmic Ray 
Instrumentation for the IGY Program, R. ¢. 
Haymes. (9) What the Future Holds for the 
Earth Satellite, R. P. Haviland. (10) Long 
Term Human Confinement in Space Equivalent 
Vehicles, C. A. Dempsey, F. D. Van Wart, 
J. H. Duddy, and J. K. Hockenberry. (11) 
Accelerative Forces Associated with Leaving 
and Reentering the Earth’s Gravitational Field, 
R. R. Hessberg, Jr. (12) Mechanoreceptors, 
Gravireceptors, H. O. Strughold. (13) Plants 
as a Means of Balancing a Closed Ecological 
System, J. G. Gaume. (14) Environmental 
Problems Connected with Space Ship Occupancy, 
W. T. Ingram. (15) Space Vehicles as Tools for 
Research in Relativity, S. F. Singer (16) 
Experimental Aspects of General Relativity 
Theory, L. Witten. (17) Fifty Years of Rele- 
tivity, P. G. Bergmann. (18) Principal Direc- 
tions of Current Research Activity in the Theory 
of Gravitation, B. S. DeWitt. (19) Project 
Moonwatch—Visual Tracking of IGY Satellites, 
A. Spitz. 

STRUCTURES 


’_ An Introduction to the Theory of Aircraft 
Structures. D. Williams. London, Edward 
Arnold (Publishers) Ltd.; New York, St. Mar- 
tin’s Press, Inc., 1960. 448 pp. $15. 

The aim in this book is to provide a background 
for the solution of aircraft structural problems 
as distinct from providing a collection of solutions 
to individual problems. An attempt has been 
made to make it largely self-contained, and there- 
fore most of the results are derived from hrst 
principles; only the elementary theory of beams 
is assumed to be already familiar to the reader. 

The author is Deputy Chief Scientific Officer, 
Structures Dept., RAE. He has based the book 
on weekly lectures given to the postgraduate class 
in Aeronautics, Imperial College, London Uni- 
versity, 1942-50. 

Contents: (1) Stress Strain and Displacement 
Relations. (2) Strain Energy Methods. (3) 
Examples of the Use of Energy Methods. (4) 
The Method of Individual Displacements 
(5) Solutions by Successive Application and 
Removal of Constraints. (6) Torsion of Shells 
end Box-Beams. (7) Bending Shear Stresses in 
Thin-Walled Beams. (8) Shear-Lag. (9) Pres- 
sure-Cabin Problems. (10) Dynamic and Im- 
pulsive Loads. (11) Dynamic Loading of Air- 
craft. (12) Natural Frequencies and Modes of 
a Complete Aeroplane Structure. (15) Insta- 
bility of Motion. Author Index. Subject 
Index. 


THERMODYNAMICS 
Thermal Engineering. H. L. Solberg, 0. C 
Cromer, and A. R. Spalding. New York, 


John Wiley & Sons, Inc., 1960. 649 pp. $9.50 

This is an outgrowth of the authors’ previous 
(1946) Elementary Heat Power. It is intended to 
serve as an introduction to a rigorous sequence of 
courses in thermodynamics, fluid mechanics, 
and heat transfer. The authors are all asso- 
ciated with Purdue University. 

Contents: (1) Matter and Energy. (2) The 
Energy Valance. (3) Thermodynamic Proper- 
ties of Fluids. (4) Fossil Fuels and Their Com- 
bustion, Nuclear Reactions. (5) Internal-Com- 
bustion Engines. (6) Fossil-Fuel-Burning Equip- 
ment, Nuclear Reactors. (7) Heat Transfer 
(8) Steam Generation. (9) Heat Exchangers 
(10) Turbines. (11) Pumps. (12) Draft, Fans, 
Blowers, and Compressors. (13) Power-Flant 
Cycles. (14) Mechanical Refrigeration. Ap 
pendix. Index. 


Concepts of Thermodynamics. Edward F 
Obert. New York, McGraw-Hill Book Co., 
Inc., 1960. 528 pp. $11. 

A primary aim of this text for undergraduate 
and graduate students is to erect a sound, but 
simple mathematical structure that will lead to 4 
better understanding of thermodynamics The 
fundamentals of the calculus are emphasized, 
and a physical significance is given to each func- 
tion that underlies the symbol for aconcept. 

Among the topics given particular attention 
are the physical definitions of heat, work, and 
mass elements for closed and open systems and 
the treatment of temperature, entropy, fugacity, 
friction, and chemical equilibrium. Chapter 
II contains a survey of methods for solving the 
equations of thermodynamics. 
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ATTENTION 
ADVERTISERS 


YOUR BEST INVESTMENT 


ENGINEERING 
READERSHIP 


IS 


AEROSPACE 
ENGINEERING 


The ONLY magazine serving 
the technical interests of pro- 
fessional engineers and de- 


sign project teams currently 


developing Missiles, Rockets, 
Aircraft, Satellites, and 


Spacecraft. 


This section is for the use of individual members of the Institute 


seeking new connections and eligible organizations offering em- 
ployment to specialists in the aerospace industry. Any member 
or eligible organization may have requirements listed without 
charge by writing to the Secretary of the Institute. 


Wanted 


Assistant, Associate or Professor— Department 
of Mechanics, Air Force Institute of Technology, 
Wright-Patterson AFB, Ohio. Applicant should 
possess advanced degrees and have proven re- 
search ability. He will be expected to teach 
graduate courses and direct graduate research in 
the fields of thermoelasticity, advanced dynamics, 
and structural mechanics. Employment will be 
effected under Civil Service regulations with 
entrance salary levels ranging from $8,900.00 to 
$13,700.00 for twelve months of service. Aca- 
demic rank and salary depending upon qualifica- 
tions. Address inquiries to: . W. Breuer, 
Department of Mechanics, Air Force Institute of 
Technology, Wright-Patterson AFB, Ohio. 


Engineers—Staff positions now open for 
graduate engineers in design, development, and 
applications engineering on programs of: mili- 
tary, commercial, and industrial jet engines; 
liquid rockets; electrical space propulsion; 
space power generation; VTOL systems; controls; 
engineering and business computations; test facili- 
ties. Full benefits, inciuding tuition refund. 
Promotion-from-within and merit review policies 
assure advancement commensurate with profes- 
sional development. Write fully to: Mr. Mark 
Peters, Dept. 2, Bldg. 100, Flight Propulsion 
a General Electric Co., Cincinnati 15, 

io. 


Spacecraft Structural Design Engineer—for 
conceptual and preliminary design and structural 
weight estimation of rocket vehicles, re-entry 
vehicles, and aircraft. Results of design studies 
are to be incorporated in mission analysis for a 
variety of operations in space. The person 
selected must have a Bachelor's or higher degree 
in aeronautical, mechanical, or civil engineering 
and experience in light-weight structures work. 
Experience or familarity with pressurized shells, 
bending moments on rocket \ ehicles, interstage 
structures, thrust structures, and propellant 
sloshing is desired, although not required. 
Salary—$7,500 to $10,600, depending upon edu- 
cation and experience. Send résumé to: Place- 
ment Officer, NASA—Lewis Research Center, 
Cleveland 35, Ohio. 


Standards and Specifications Supervisor— 
Capable of establishing design manual, test 
specifications, materials handbook; interpret 
military specifications for growing engineering 
group without these important design aids. 
M.E. or associated degree plus extensive ex- 
perience in related work for defense contract are 
desired. Airframe Structures Engineer—Engi- 
neer with aircraft or missile structural analysis 
background to determine loads, stresses, deflec- 
tions on lightweight structures. Advanced 
degree plus three years or B.S. and six years ex- 
perience. Supervisor possibilities exist. Senior 
Aerothermodynamicist—-Man with strong back- 
ground in engineering mechanics or fluid tlow to 
work on problems ot boundary layer, ultrasonics, 
or aerothermochemistry. Wiil be assigned to ad- 
vanced projects group working on systems still 
five years from hardware stage. Thermody- 
namicist—To conduct analytical studies for de- 
velopment of better heat exchangers. Will also 
analyze heat transfer problems in rocket engine 
nozzle and turbomachines. Three to five years 
applicable experience with emphasis on high tem- 
perature work or cryogenics. B.S. or M.S. in 
mechanical engineering. Reliability Engineer— 
Employing advanced analytical techniques this 
man will provide reliability support for mobile 
ground equipment development. He will es- 
tablish test specifications and procedures; con- 
duct failure analysis, and determine corrective 
action. Related experience in design, develop- 
ment, and test of missile systems; competent in 
report preparation. M.E.degree. Flight Instru- 
mentation Engineer—To analyze requirements 
for advanced flight instrumentation system, select 
components, provide test support, and supervise 
check out. A minimum of two years electrical 
and electrical-mechanical instrumentation and 
techniques. E. E. Degree. Contact: R. J. 
Theibert, Employment Manager, TAPCO 
GROUP—Thompson Ramo Wooldridge, Inc., 
23555 Euclid Ave., Cleveland 17, Ohio. 


Thermodynamic and/or Aerodynamic Heating 
Specialist—High level opening for development 
engineer needed for work on advanced aircraft, 


missile, and space vehicle applications. B.S. or 
M.S. in engineering with 7-10 years experience in 
thermodynamic heat transfer and/or aerodynamic 
heating. Propulsion experience and rocket back- 
ground desirable. For confidential consideration, 
send résumé to: Mr. Gordon, Professional 
Placement Manager, Lockheed Aircraft Corpora- 
— 834 West Peachtree Street, N.W., Atlanta 8, 
a, 


Available 


994. Senior Engineer—Ph.D. in Aerody- 
namics; 23 years experience in long range corpo- 
rate planning, R&D, operations analysis, systems 
integration and management; familiar with ad- 
vanced technology, foreign markets and lan- 
guages. Desires challenging position, preferably 
overseas assignment. Résumé upon request. 


993. Aeronautical Engineer and Test Pilot— 
B.S. Aero. E., M.B.A., age 35. Extensive ex- 
perience as a flight test engineer, production and 
experimental test pilot, and supervisor of flying. 
Desires an administrative or managerial position 
that will take full advantage or technical, educa- 
tional, and administrative background. Résumé 
on request. 


992. Aerodynamicist—Caltech graduate, with 
M.S. in Aeronautics and B.S. in Physics. Six 
years experience in aircraft industry covering an 
unusual range of aerodynamics projects, from 
STOL aircraft through subsonic transports and 
supersonic fighters to space vehicles, with a strong 
background in stability and control analysis. 
Interested in low speed aerodynamics research and 
in application of modern developments to design 
of advanced personal and business type aircraft. 
Age 28, single. Prefers Rocky Mountain or West 
Coast Regions. Will send résumé upon request. 


991. Aero/Mechanical Project Engineer— 
Age 37; B.S.Ae.E., post graduate industrial 
management, ten years diversified experience as a 
design, sales and application, and project engineer 
in electromechanical and electrohydraulic con- 
trols, small turbines, fiberglass and sheet metal 
structures, and contracts administration. Also 
familiar with gas servo and reaction controls, 
VTOL stabilization and cryogenic cooling devices. 
Currently employed as an advanced design proj- 
ect engineer by an equipment company. De- 
sires position asa project engineer with a growing 
medium size company. Will also consider tech- 
nical sales of new products. Prefers northeastern 
costal location. Résumé available on request. 


990. Sales-Oriented Aeronautical Engineer— 
B.Aero.E.; 21 years’ aircraft and missile engi- 
neering. Preliminary design and proposal prepa- 
ration, diversification planning, sales engineering. 
Have maintained good analytical capability in 
structural and mechanical specialty. 


989. Engineering Executive—B.S.E.E., M.S. 
in A.E. (California Institute of Technology, 1949). 
Age 43. Former Naval Aviator. Wide expe- 
rience in both operations and R&D. Some 
undergraduate teaching experience. Two 
patents, published papers, and executive ex- 
perience over wide range. Presently in Polaris 
program. Desires executive position with major 
contractor, but also interested in university 
assignment. Résumé on request. 

988. Graduate Aeronautical Engineer—16 
years’ experience in structural design, preliminary 
design, and design proposals of airplanes, VTOL 
aircraft, and missiles. Broad scientific interests. 
Desires responsible position. 

987. Aeronautical Engineer—B.S. Degree, age 
28. Commerical pilot, SMELS, instrument, ex- 
naval aviator, one year experience in research and 
development, light aircraft field. Interested in 
research and dev elopment work in flight test engi- 
neering. Complete résumé on request. 

986. Engineer—19 years’ experience in air- 
craft and missile maintenance and service field of 
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